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This report  descr ibes  the procedures employed to obtain t ra jectory and 
luminosity data f rom photographs of f i rebal ls  made with P r a i r i e  Network 
cameras .  
Complete t ra jectory and luminosity resu l t s  a r e  tabulated for  2 9  meteors .  
RESUl& 
Ce rapport  de'cri t  l a  procgdure employge pour ob ten i r ,  p a r t i r  
des  photographies f a i t e s  par  l e s  came'ras du re'seau P r a i r i e ,  l e s  
donnbes r e l a t i v e s  & l a  t r a j e c t o i r e  e t  l a  luminosite' des  bol ides  
photographi6s. 
Des r g s u l t a t s  complets s u r  l a  t r a j e c t o i r e  e t  l a  luminosite' ont 
b t b  calcule's pour 29 mgte'ores. 
KG H C I I EKT 
V 
SPECIAL DATA - REDUCTION PROCEDURES 
FOR PRAIRIE NETWORK METEOR PHOTOGRAPHS 
R. E. McCrosky and A. Posen 
1. INTRODUCTION 
The P r a i r i e  Network (McCrosky and Boeschenstein, 1965) is a sys tem 
of c a m e r a  stations located in  the midwestern United States designed to  
obtain data on extremely bright meteor events. 
and the i r  observations have required a number of revisions to standard 
meteor  reduction procedures. 
procedures and present complete trajectory and photometric data for 29 
meteors  observed since August 1965. 
The nature of the events 
We descr ibe the new analysis and photometry 
Successful observations a r e  made of the same meteor  f rom at leas t  
two stations a t  a rate  of about one per  night. About one in  three  of these obse r -  
vations i s  of sufficient interest  to warran t  reduction. 
is ,  pr imari ly ,  of objects much brighter than th0s.e normally recorded by 
other meteor  patrols or ,  alternatively, objects of exceptional duration that 
may  be expected to yield superior  ball ist ic quantities. 
two factors  we cannot c la im any rational procedure for selecting the objects 
that a r e  represented. 
data, selecting good cases  of different charac te r i s t ics  with which we could 
t e s t  the new procedures described in this paper. 
The present selection 
Apart  f rom these 
We have skipped hither and yon among the existing 
This  work was supported in par t  by Grant  NsG 291-62 f r o m  the National 
Aeronautics and Space Administration. 
2. TRAJECTORY CORRECTIONS 
2.1 General Procedure 
I '  
To a first approximation, a meteor t ra jectory is l inear in space, projects  
on the celest ia l  sphere a s  a grea t  circle,  and is recorded on film a s  a l inear  
trail .  
immediate consequence of this linearity; a l l  of the measured  points on the 
meteor  film can be combined to determine the bes t  s t ra ight  line representing 
the trail .  This " t ra i l  equation" can be used, quite directly, to determine 
the plane in space defined by the station and the meteor .  
of this plane and one s imilar ly  determined f rom a second station defines the 
meteor  trajectory. Point-by-point triangulation, which would r e  quire 
prec ise  identification of common points on the two photographs, is unneces- 
sary.  
coordinate sys tem (x, y) of the film measures  to the spherical  equatorial  
sys tem (a,6) in the sky. 
rectangular coordinates on the film a r e  used to determine a t ransform 
(plate constants) between the two systems. 
line can be determined as  a function of t ime if  the t r a i l  has  been interrupted 
by a meteor  shutter. 
The relatively high precision obtainable in  meteor  t ra jec tor ies  is an 
-
The intersect ion 
One only requires  an appropriate transformation f rom the rectangular 
Equatorial coordinates of s t a r s  and their  measured  
Distances along the t ra jectory 
The idealized circumstances described above a r e  modified by three  
different effects, each of which may cause the photographed t r a i l  to depart  
f r o m  t rue  linearity: the gravity displacement gives a nonlinear t ra jectory;  
refraction effects  cause the projection on the sky to depart  f r o m  a grea t  
c i rc le ;  and imperfections in the optical system dis tor t  the t r a i l  on the film 
plane. 
e f fec ts  can be safely ignored. 
the reduction procedures they developed in which only correct ions for dis-  
tort ion and a partial  correct ion for  gravity a r e  employed. 
In many cases  of photographic meteor  data some o r  a l l  of these 
Whipple and Jacchia (1957) have described 
Our procedure 
3 
is a modification of the Whipple-Jacchia method, and we re fer  the reader  to 
their  paper for  a description of measuring techniques and for  details  of the 
fundamental computational procedures. 
Modifications for  meteors  observed in the P r a i r i e  Network a r e  required 
because a different c lass  of objects is under observation, the observing 
techniques have changed, and one of the purposes of the observations i s  new. 
Generally, we must contend with a trail of much longer duration and, con- 
sequently, greater  departure f rom the l inear  trajectory.  Observations a r e  
made a t  lower elevations to increase the a r e a  of sky covered, and thus, 
refract ion and refractive parallax can no longer be ignored. 
most  significantly, since one of the a ims  is to recover  any resulting meteor -  
ite, we require  all possible precision in determining the spatial  coordinates 
of the body a t  a point near  the end of i t s  visible t ra jectory:  in previous 
meteor  work, the spatial coordinates per - s e  were  of little interest .  
Finally, and 
We attempt to compute "corrections" to the t r a i l  measu res  in order  to 
The co r rec -  
In the first case,  the correct ion 
produce the idealized undistorted l inear  t ra jectory and trail .  
tions a r e  of two kinds, angular and spatial. 
can  be applied directly to the t r a i l  measures ,  once the plate constants a r e  
kn'own. In the case of spatial displacements, a determination of the range to 
the point on the trajectory is required to compute the appropriate angular 
di s plac ement. 
We first cor rec t  f o r  the displacements on the film that a r e  independent 
of the meteor  geometry. These displacements a r e  due to astronomical 
refraction of s tar  positions affecting the plate-constants determination, 
and to the finite duration of the meteor  event against  a moving star back- 
ground. F r o m  the measured points of the meteor  trail, (x, Y ) ~ ,  we obtain 
a new set, (x, Y ) ~ ,  by translating these angular displacements to displace- 
ments on the film. 
4 
A preliminary t ra jectory solution using these cor rec ted  measu res  yields 
approximate ranges and heights for computing approximate correct ions to the 
plate measu res  to account for displacements caused by par t ia l  refraction, 
refract ive parallax, and gravity. 
points, (x, Y ) ~ ,  which closely represent  the idealized trajectory.  
t ime, an i terative procedure, using a method of false position, i s  initiated. 
These correct ions give a new set of t ra i l  
At this 
A line through the (x, Y ) ~  is used in a t ra jectory solution to produce a 
With these improved values, the effects of new se t  of ranges and heights. 
gravity, partial  refraction, and refractive paral lax a r e  computed and 
applied point-by-point to the (x, y) 
[(x, Y ) ~ '  - (x, Y ) ~ ]  a r e  applied to the (x, y) 
until the straight-line t r a i l  (x, y) 
ments  into the observed t ra i l  (x, y) 
to yield the set  (x, y) ' 
2 1' 
is distorted by the computable displace- 
within the accuracy of measurement.  1' 
The differences 
and the procedure is repeated 2' 
2 
Convergence usually requires fewer than four i terations,  except for  
meteors  of unusually low zenith angle and height. 
meteor  and the two stations a r e  nearly coplanar, the method fails ,  but such 
unfavorable geometry does not yield a satisfactory solution in any case.  
F o r  cases  where the 
2. 2 Time-of-flight Correct ion 
A t ime correction, apparently not recognized in any previous work, is 
The correct ion has  come to be applied to P r a i r i e  Network meteor data. 
called, i f  not described, by the t e r m  "time-of-flight. It is applicable only 
to  meteors  photographed by stationary cameras ,  and we again re fer  the 
r eade r  to  Whipple and Jacchia (1957) for details of this kind of meteor  
reduction problem. Briefly, such photographs a r e  interrupted either at 
known t imes to produce fiducial breaks in the s t a r  t r a i l s  o r ,  in the case of 
P r a i r i e  Network films, the shutters a r e  held open fo r  a short  period a t  
known t imes to cause s t a r  brightenings for  the same purpose. 
case ,  we can immediately determine the declination of any point on the 
In either 
5 
meteor  t ra i l ,  but the right ascensions of points along the meteor  image a r e  
defined only relative to  the hour angles of the s t a r s  a t  some (usually) 
different t imes when the fiducial m a r k s  were  introduced on the s t a r  t ra i ls .  
If the t ime of occurrence of the meteor  is known, the relative shift in right 
ascension i s  given by 
m - A8 = 8 , 
where 8 
But, meteors  do not occur in an "instant, ' I  part icular ly  P r a i r i e  Network 
meteors ,  and ern in  the above expression should assume a new value for  
each t ime segment. 
the end of a 5-sec meteor  can exceed the measuring e r r o r s  by m o r e  than a 
factor of 10. 
is  the instant of the meteor  and 8, the instant of the fiducial mark. 
m 
If this correct ion is ignored, the e r r o r  introduced a t  
To apply this correction, the measured x, y of each dash a r e  displaced 
westward in right ascension by an angle equivalent to the s idereal  t ime 
interval measured f rom some a rb i t r a ry  time. 
be discussed in the section on gravity correction. 
The zero  point for t ime will 
2. 3 Refraction 
In the reduction of most  photographic meteor  data, the s t a r s  that deter-  
mine the coordinate transformation a r e  very close to the meteor  t ra i l ,  and 
the plate-constant solution i s  required to f i t  over a long but very narrow 
s t r i p  of the film. When fiducial s t a r s  a r e  displaced only a few minutes of 
a r c  away f rom the meteor,  the differential refract ion perpendicular to the 
t r a i l  between s t a r s  and meteor  is negligible. 
along the t r a i l  can be appreciable, but since the photographs in  most  previous 
programs were  made a t  smal l  zenith distances, the distortion introduced 
by this differential refract ion could be easi ly  absorbed in the fitting of plate 
constants o r  in field corrections.  
The differential refraction 
6 
On P r a i r i e  Network films, s t a r s  used for the determination of plate 
constants may be many degrees  f rom the t ra i l ,  and the meteor  may appear  
a t  extremely low elevation. 
a r e  derived not f rom the catalog s t a r  positions but f rom refracted positions. 
We compute the refraction r for  an apparent zenith angle z f rom Garfinkel's 
(1 944) formula 
Therefore, in our reductions the plate constants 
ignoring t e r m s  beyond the second order .  The p i ' s  a r e  tabular functions of 
- 2  cot z ;  w = P T  is a "weather factor";  and P -1 /2 8, with cot 8 = 8. 1578 T 
and T a r e  the rat ios  of the ambient p re s su re  and tempera ture  to their  
standard values, respectively. This relatively complex formulation does 
not diverge at  the horizon a s  do the usual expansions in tan z. Tempera tures  
and p res su res  a r e  interpolated from daily weather maps. 
stants fo r  "refracted" s t a r  positions, we compute the equatorial  coordinates 
of each dash on the observed trail,  and apply refraction in the opposite sense 
to these points to obtain the "no atmosphere" plate coordinates of points on 
the meteor  trail.  
With plate con- 
2. 4 Refractive Para l lax  
The refraction correct ion given above is  the astronomical  refraction 
f o r  which the source is assumed to be at  infinity. 
is the adjustment u 
(F igure  1 ) .  
perpendicular to the cor rec ted  line of sight, where K is given by 
The refract ive paral lax 
required for the t rue direction to the nearby object 
It is computed f rom the range R to the body; and a shift K 
K = Re[n s in  z - s in  ( z  t r fl , co ( 3 )  
in which Re is the radius of the earth a t  the station, n is the index of re f rac-  
tion of the atmosphere at  the station, and r is the astronomical refraction. 
00 
7 
Figure 1. Refractory geometry for  a n  object outside the atmosphere.  
The following table of K values for  various zenith angles indicates the 
significance of this apparent displacement. 
Table 1. K values for various zenith angles. 
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This correct ion should be applied when it amounts to about 5 a rcsec .  
meteors  with a range of 50 km, the correct ion is  of slight importance when 
K = 2 m, but can become considerable for some special  ca ses  with a sma l l  
range and a moderate zenith angle. 
F o r  
At modest zenith distances, K is a smal l  difference between two l a rge  
numbers.  In recent years  a number of attempts have been made to reduce 
equation (3) to a tractable form for u se  with geodetic and photogrammetric 
observations. The expression given by Schmidt (1963), . 
r 
cos z ' 
Kcc  00 (4) 
is sufficiently accurate for our purposes to zenith angles of a t  l eas t  75",  
but the cosine t e r m  clearly causes trouble at  g rea te r  zenith angles. The 
computational difficulties a r e  l e s s  at  large zenith angles, and a table of z 
ve r sus  K sec z was given by Bessel (1842). 
Since the Bessel  and the Schmidt values join smoothly and agree  in the 
region of overlap, we have t r ied  to adjust  Schmidt's equation to match 
Besse l ' s  numbers for la rge  z. 
approximation, 
An obvious way is to use  the f i r s t -order  
r 
45 r 
co tan z = - , (5) 
to remove the divergent cos z term; he re  r 
f o r  z = 45" and for  the pertinent meteorological conditions. 
i s  the astronomical refraction 45 
We then have 
2 r 
co 
r45 s in  z 
The following expression, which we use,  is an empir ical  expression that 
gives a good approximation to K f o r  z < 88" : 
r 
00 
0. 00569 KCX cos z t 
PJcOsZ 
( 7 )  
9 
In Figure 2 we  show the departures  f rom the t rue  value of K ( a s  given by 
Bessel  for 90" > z > 70°, and by Schmidt for 75" 2 z 2 0)  when computed by 
equations (4) and ( 6 ) .  
worthwhile since refraction anomalies a t  m o r e  extreme zenith distances 
become s o  l a r g e  that no sensible correct ion can be made f o r  any refraction 
effects. 
Attempts to improve the f i t  still fur ther  a r e  hardly 
20 - 
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Figure  2. Deviations of th ree  analytic approximations to 
refractive parallax correction, K. 
2. 5 Pa r t i a l  Refraction 
c 
Some exceptionally la rge  meteoroids will penetrate to very  low altitudes. 
The full astronomical re f rac t ion  is not applicable in these cases .  We wish 
to determine the refraction that would have occurred  f r o m  the height of the 
meteor  to outside the atmosphere - th i s  correct ion to be  subtracted f r o m  the 
full refract ion applied in  the first s tep and in the expression for  refract ive 
parallax. The correction can be ignored for  heights g rea t e r  than 40 km. 
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The equations for the refraction of a source within the atmosphere have 
been formulated analytically by Baldini (1 963). 
only for  z < 75". 
important for extremely bright objects that may well be photographed very  
near  the horizon. Garfinkel's (1944) refractions,  valid a t  the horizon, a r e  
inaccurate for altitudes above 1 0  km. 
His resu l t s  a r e  applicable 
Unfortunately, we can expect this correct ion to be most  
To compute the refraction exactly, we would have to integrate Radau's 
equation numerically. (See, for  example, Garfinkel, 1944. ) To obtain an 
analytical solution, Baldini assumes a reasonable exponential atmosphere 
and an approximate refract ion law, r = A tan z t B tan z t C tan z, and 
obtains a solution l imited in  z. Garfinkel, on the other hand, uses  an almost 
exact form for the relationship between refractive index and density, but 
assumes  an ar t i f ic ia l  atmosphere (dT/dH = constant) that is not valid a t  
mode rate  heights . 
3 5 
* 
Sample calculations indicate that it i s  possible to re ta in  Garfinkel 's  
well-behaved expression (2)  while introducing a real is t ic  atmosphere, and 
obtain approximate correct ions over a large range in height and zenith 
distance. Fo r  simplicity, we set  
and T = T (ambient), where p is the atmospheric density given by the U. S. 
Standard Atmosphere (1962) and p o  is the ambient surface density at the 
station. 
(H = 0, H + co) and decreases  exponentially with increasing height, more  or  
l e s s  appropriately. 
Baldini 's resul ts  a t  z = 75". This crude formulation must  fail  for  objects 
at la rge  zenith distance and intermediate height, but observations of such 
objects a r e  already inherently poor because of their  large range. 
The correct ion obtained is exact for the extremes of height 
Reasonable agreement ( f l 0  a r c sec )  is  obtained with 
* 
We note a recent  paper by Garfinkel (1967) in which he presents  a formula- 
tion for computing astronomical refraction valid for  a l l  zenith distances and 
a l l  elevations. 
reductions. 
We plan to incorporate this improved method in  our future 
11 
2. 6 Gravity Correction 
The departure f r o m  a l inear  t ra jectory due to gravity is obvious to the 
Fitting the t ra i l  measu res  to a straight line can eye on long meteor t ra i l s .  
cause a large e r r o r  in computed position. 
Since there  a re  shutter breaks along the t r a i l  a t  known times,  t, the 
magnitude of the deflection, G, due to gravity, g, can be computed with 
sufficient accuracy f rom G = gt /2 ,  where g is given some average value 
for meteor altitudes. 
dash of that t ra i l  with the grea tes t  beginning height. 
mined for the first  dash of every other t ra i l ,  and a dash number assigned to 
that point corresponding to the dash number of the f i r s t  t r a i l  at  that height. 
2 
The zero  point of t ime i s  chosen as the f i r s t  measured 
The height is de te r -  
The gravity deflection can  be resolved into the three orthogonal com- 
ponents 
GW = G ( - X X F ) .  ( -Z)  , 
I- 
where Z ,  P, a n d E  a r e  the vectors  that define the zenith, the pole of the 
meteor  t ra i l ,  and the radiant, respectively. G is in a direction along the 
trail .  G i s  in the direction of the normal to the station-meteor plane and 
perpendicular to the trail .  
of the t ra i l ,  and correct ions,  pr imari ly  in  y, can be applied to the measured  
t ra i l  coordinates once an approximate range i s  determined. 
rection and the correct ion for the refraction effects a r e  applied, the cor -  
rected t ra i l  from each station should be a s t ra ight  line. GW acts  in the 
station-meteor plane and i s  perpendicular to the t ra i l .  This component, 
ignored by Whipple and Jacchia (1957), can, in special  cases ,  cause e r r o r s  
in  computed range (and therefore  in impact points) of severa l  kilometers.  
X 
Y 
This component is reflected in the curvature  
When this cor -  
* 1-
.I. 1- 
If these corrections fail  to yield a straight-line t ra jectory,  this may  be an 
indication of aerodynamic "sailing" in the trajectory.  A major  reason  for 
applying these correct ions a s  accurately as possible is to ascer ta in  whether 
o r  not la teral  aerodynamic effects must  be  considered in the computation 
of impact points of meteori tes .  
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E r r o r s  in velocity and acceleration can also be appreciable. Figure 3 
i l lustrates  a special  case  in which G is zero,  G is moderately large,  
and GW is large. 
a range R a t  the end point. 
Y X 
The assumption of a straight-l ine t ra jectory would yield 
To obtain the t rue  range, the correct ion 
6R = GW cosec r i ( 8 )  
is applied, where ri is the angular distance f rom the radiant to the ith dash 
on the trail .  
The par t ia l  correct ions for  gravity used by Whipple and Jacchia (1957) 
were  easily incorporated into the resul ts  a s  differential corrections,  
applied when necessary,  to the measures  (G ) or  to the final resul ts  (G ). 
We compute the total gravity vector for  each. measured dash and then, 
with the i terative computation, establish the range and adjust the measured  
t r a i l  coordinates to correspond to a "zero gravity" trajectory.  
computations a r e  ca r r i ed  out in this zero  gravity system. 
increments to dV/dt, V, H, and the instantaneous direction of flight a r e  




Note that our published values of D (distance along the t ra jectory)  and 
H (height above s e a  level) a r e  zero gravity t ra jectory values, unless other-  
wise stated. 
g = 974 c m / s e c  , the mean value we chose to represent  gravity at altitudes 
o r  heights of those meteors  for  which the gravity deflection i s  substantial. 
Gravity is applied in the direction of the zenith a t  a point midway along the 




S TAT1 ON 
Figure 3. Effect of gravity component G on computed w meteor  trajectory.  
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3. PHOTOMETRY 
3 . 1  General Procedure 
Analysis of meteor  light curves (intensity as  a function of t ime)  pro-  
vides major  information for  studies of the physics of the meteoric  process .  
Whipple and Jacchia (1957) described the visual photometric techniques of 
meteor  photometry whereby meteor intensities a r e  determined by compari-  
son with trailed s t a r  images.  
person using the best  photographic mater ia l ,  is accurate  to about 0.  2 mag. 
This method, when employed by an experienced 
The process,  however, is  cumbersome a t  best ,  requires  considerable 
t ime of our limited experienced personnel, and becomes quite impract ical  
for  P r a i r i e  Network data for the following reasons: 
A. F o r  accurate photometry most  meteors  of interest  a r e  overexposed 
a t  the neares t  station. 
One must, however, take into account atmospheric absorption for  meteors  
a t  low elevations, and this requires photometry of s t a r s  on that particular 
f r a m e .  
The best  resu l t s  a r e  obtained f rom distant stations. 
B. Manufacturing differences in the 80 P r a i r i e  Network c a m e r a  
Lenses cause variations in the image quality, which a r e  particularly evident 
in the bright objects where a substantial portion of the apparent image occurs  
outside the pr imary  image core.  
various lenses and of meteors  of varying angular velocity and intensity would 
require  severa l  hundred photometric comparison films. 
perhaps severa l  dozen, would have to be repeated every  few months to 
restandardize each new emulsion batch used in the Network. 
To accommodate photographs taken with 
Some of these, 
C .  Personal  e r r o r s  , both systematic and individual, a r e  demonstrably 
present  in the visual s t a r  comparison technique. 
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Our new method uses  a densitometer to record  s t a r  and meteor  intensi- 
t ies  on the same film, and proceeds a s  follows. When the film is measured  
for a t ra jectory solution, additional photometric s t a r s  a r e  marked and their  
plate coordinates measured. These s t a r s  a r e  chosen, insofar a s  possible, 
to 1)  include the entire density range of the meteor ,  2) appear on the film 
a t  the t ime of the meteor ,  3) appear in the vicinity of the meteor ,  o r  4) p e r -  
mi t  an independent determination of the atmospheric extinction a t  various 
zenith angles. 
The procedure i s  to  use  the plate constants determined for the meteor  
to predict the declination of the s t a r  and, on this bas i s  alone, select  the 
pertinent data f rom a list of bright stars taken f rom the Arizona-Tonantzintla 
Five Color Bright S ta r  Catalog. 
f rom the declination and the plate sca le  is  used to co r rec t  the catalog mag- 
nitudes to an apparent magnitude on the film. 
rections a r e  applied for  vignetting, extinction, color, reciprocity-law 
failure, and shutter cycle (the s t a r  t ra i l s  a r e  exposed for  only about one- 
third of the exposure duration because of the chopping shutter). All these 
correct ions reduce the s t a r s  to a common sys tem of A0 s t a r s  outside the 
atmosphere. 
given la ter .  Corrections for  extinction, trailing rate,  vignetting, meteor  
range, and reciprocity fa i lure  a r e  a l so  determined fo r  the meteor  at frequent 
intervals along the trail. 
The trailing ra te  of the s t a r  a s  computed 
In addition, empir ical  cor -  
Details of these correct ions and checks upon them will be 
Meteor and s t a r  t r a i l  densit ies a r e  measured on a Baird densitometer 
with a rectangular slit,  which, projected on the film, is 30 p. X 180 p. 
Images are scanned with the long dimension of the s l i t  perpendicular to the 
t ra i l s  and with the scanning motion paral le l  to the s t a r  o r  meteor  t ra i l .  
s l i t  dimensions represent  a compromise where the total  a r e a  is sufficient 
f o r  the densitometer to operate above i ts  threshold fo r  dense images, the 
width is small  enough to  give some resolution on short  meteor  dashes,  and 
The 
the length is appropriate to use the ent i re  dynamic range of the instrument 
f o r  images f rom 3 .  5 to -1.  0. 
m m 
The readings resulting f r o m  these t racings a r e  not t rue densit ies of 
the image. They a r e ,  however, proportional to the intensity. A plot of 
densitometer scale  readings of s ta rs  ve r sus  their  cor rec ted  magnitudes 
closely resembles  a photographic H-D curve. 
about a smooth curve is about 0 .1  mag for  well-determined cases.  
o r  10  well-chosen s t a r s  a r e  sufficient to determine this calibration curve,  
although a s  many as 20 a r e  frequently used. 
The mean scat ter  of points 
Eight 
3. 2 Corrections to Apparent Stellar Magnitude for  Standard S tars  
The calibration curve f o r  a meteor film is a plot of the observed densi- 
t i e s  (above the background) of the s t a r  t r a i l s  against  the photographic s te l lar  
magnitude (m ) corrected for various observational effects. 
tions applied t ransform the catalogue value to a common sys tem charac te r -  
ized by equatorial A0 s t a r s  outside the atmosphere a s  photographed a t  the 
field center. 
a r e  given below. 
The co r rec -  
P 
The nature and form of the corrections,  to be added to m 
P’ 
3. 2. 1 Trail ing ra te  and reciprocity-law fai lure  
The trailing velocity of a stellar image depends on ts  declination ant 
its position and direction of motion on the film. 
s tandard conditions specified above is 
The velocity relative to the 
where F is the focal length of the camera,  6 is the declination, and S is 
the local plate scale  given by 
+ 
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2 2 F t (d s in  +) s =  + F2 t d2 J 
where d is the distance f rom the plate center,  and + is the angle between 
the direction of motion of the s t a r  and the line joining the plate center and 
the s ta r .  In the absence of failure of the reciprocity law ( see  below), the 
correct ion for trailing rate  would be 
A m  = - 2 . 5  log (FS sec  6 )  . 
V 4 
F o r  s t a r s ,  the direction of motion is  given by the grea t  c i rc le  (a  straight 
line on the fi lm) tangent to the s te l lar  image, and FS i s  given by + 
2 sin 6 - cos  u sin 6, FS = [ I  t ( cos C u cos 6, ) 2]1'2 cos u , + 
where the subscripts c and :k r e f e r  to film center and s t a r ,  respectively, 
and CT is  the angular distance f rom film center to s ta r .  
The reciprocity law for photochemical reactions, which s ta tes  that the 
density resulting f r o m  an exposure is dependent only on the product of the 
intensity and the time, is, in fact, an approximation that i s  useful only over 
a l imited range of exposure t imes.  
function of the emulsion a s  well a s  the exposure t ime. 
su re  t ime for s t a r s  depends on the trailing rate  and the image diameter .  
The exposure time can be taken a s  the time required for  the s t a r  image to 
c r o s s  itself. 
by declination and scale, since the trailing ra tes  a r e  a l ready known. F o r  
effective exposure times in the range f rom 5 to 100 sec  and for  emulsions 
of the type generally used in the P ra i r i e  Network, the complete correction 
for  trailing rate and reciprocity-law failure i s  given by 
The degree to which the law fails i s  a 
The effective expo- 
Individual correct ions can be made for each  s t a r ,  a s  influenced 
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A m  = - (2 .  5 - r )  log (FS sec  6) , 
V 4) 
where r .L 0.9.  
It will be noted that the higher trailing r a t e s  a t  the edge of the field a r e  
a l ready compensated for, in part ,  by the longer effective exposure t imes 
associated with the la rger  images produced f a r  f rom the optical axis. The 
full reciprocity-failure correction is probably unwarranted in these cases ,  
but any smal l  residual e r r o r  introduced by these factors  is largely absorbed 
i.n the empir ical  vignetting corrections discussed in the next section. 
3. 2. 2 Vignetting 
The effective exposure on the film for  most  lens systems viewing an 
One power of cos  u has already 
Measures  with our 
3 extended line source falls  off a s  cos u. 
been accounted for exactly in the scale  factor above. 
particular lens sys tem have shown that cos u is indeed a real is t ic  f i r s t  
approximation to the remaining vignetting effects giving a correct ion of the 
fo rm 
2 
A m  = -5  log COS (r . 
U 
However, deviations f rom this law a r e  observed. The sharper  images 
formed within a few centimeters of the optical axis t ransmi t  m o r e  light 
through a given s l i t  than do the broader images formed with the same light 
source  at  twice the distance f r o m  the center. We have performed cal ibra-  
tions on several  different lenses and find that the additional correct ion 
required is, fortunately, independent of density and can be expressed with 
sufficient accuracy by the simple relationship: 
d Am = -  ~ ( l - i - ) ,  O r d l k  
A m  = O  , d > k  , d 
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where d is the distance in cent imeters  f r o m  the optical axis, and p var ies  
f rom 0. 5 mag for the smallest  sl i t  in use to 1. 5 mag for the la rges t ;  the 
value of k i s  of the order  of 5 cm.  
ciable, it  is seldom required.  
within 5 c m  of the film center and correct ions A m  
fewer than 5% of all cases .  
Although the correct ion can be appre-  
Fewer  than 15% of the meteor  t ra i l s  occurred 
< -0.  3 a r e  applicable in d 
It remains to be seen whether or  not k and p, vary  significantly f r o m  
c a m e r a  to camera.  
only if  and when meteors  of in te res t  a r e  photographed near  the field center.  
Calibrations of a specific camera  will be ca r r i ed  out 
3. 2. 3 Atmospheric extinction 
A minimum correction, derived f rom films taken under excellent con- 
ditions, is applied to a l l  s t a r s :  
Amz  = 0. 22 sec  z , 
where z i s  the zenith distance of the star. The extinction coefficient can 
be redetermined f rom the preliminary calibration curve i f  the residuals 
suggest a sufficiently strong correlation with sec  z. 
evaluation is not possible for extinction coefficients l e s s  than 0. 4. 
more ,  i f  the s t a r s  have been selected judiciously, i. e . ,  near  the meteor ,  
the differential extinction correct ion between meteor  and s t a r s  will be negli- 
gible even if the coefficient is in e r r o r  by a factor of 2. 
Generally, a r e -  
Fur ther -  
3. 2. 4 Color 
We have used, almost universally, panchromatic emulsions for  the 
P r a i r i e  Network patrol films. 
such a broad spectral  region in astronomy and, hence, it i s  necessary  to 
determine a new magnitude scale  for panchromatic response f rom the 
information available f rom nar rower  band observations. Since image 
Stellar intensit ies a r e  never measured  over 
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diameter  is also a function of color, because of chromatic aberrat ion in the 
lens, we have resigned ourselves to making an empir ical  correct ion for  a l l  
color effects immediately. W e  find that, for  most  s t a r s ,  the effective 
intensity i s  adequately determined by an  expression of the simple f o r m  
A m  = 0.3  (m - mv) C B J 
where the subscr ipts  r e f e r  to  the usual photographic and visual passbands. 
The color index is by definition equal to ze ro  for  unreddened A 0  stars. 
3. 2. 5 Shutter-cycle correct ion 
The intensity of the photometric s t a r s  is reduced by the fraction of t ime 
that the meteor-chopping shutter remains closed during the course of the 
exposure. Most meteor  cameras  use a direct-drive rotating shutter, and 
the exposure t ime f o r  s t a r s  is rigorously determined by the geometry of 
the shutter. 
The off-on cycle of the coding shutter employed i n  P r a i r i e  Network 
cameras  differs somewhat f rom camera  to camera ;  it a l so  exhibits a long- 
t e r m  instability associated with temperature  changes in solid-state c i r -  
cuitry. 
the shutter to be held open for  a 2-min "star-brightening" period near  
the end of each exposure, thus permitting the s t a r s  to produce a long bright 
dash. The increase in intensity in this t ime, a s  determined f rom the cal i -  
brat ion curve, is then a measure of the off-on ratio. Additionally, it sup- 
plies the star brightenings that a re  particularly useful in calibrating the 
film for  the range of densit ies common for these ve ry  bright meteors.  
Photometry before June 1966 was accomplished without the benefit of this 
2-min brightening and, consequently, the uncertainty in off -on ratio 
can  produce an e r r o r  of 0. 5 mag. However, it is frequently t rue that a 
measu re  of the off-on rat io  can be determined to within a few tenths of a 
magnitude by inspection of the densitometer t racings of the meteor  itself. 
This  la t ter  method fails  for  meteors  of very low angular velocity o r  strong 
wake. 
To determine the actual off-on cycle of a given shutter we cause 
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3. 3 Corrections to Meteor Magnitudes 
The magnitudes derived f rom the calibration curve and f rom the densito- 
me t ry  readings of the meteor  t ra i l  require  additional correct ions similar to 
those applied to the photometric s t a r s  and a l so  a correct ion for the range 
to the meteor.  
3. 3. 1 Trailing ra te  and reciprocity-law failure 
-1 - 3  to 10  Effective exposure t imes  for the meteor  vary f rom 10 sec for 
most  of the Pra i r ie  Network objects. 
mos t  emulsions in  use i s  essentially flat in this a r ea ,  and the only correct ion 
required is that which obtains between the average meteor  exposure t ime 
and the effective exposure t ime for standard s t a r s ,  he re  taken a s  10  sec. 
This correction is to. 7 mag f o r  the film most  commonly used. 
The reciprocity-failure curve for  
The correction for trail ing ra te  relative to the standard s t a r  i s  given 
a s  
V 
m Am = - 2. 5 log - , 
V$ 
where v: and v 
per  second of the standard s t a r  and of the meteor  on the film. 
i s  given by 
a re ,  respectively, the trail ing velocities in mi l l imeters  m 
The fo rmer  
F v* = 2rr - 
TS 
, 
where T = 86164 sec,  the ear th ' s  s idereal  period, and v is computed 
directly f rom the measu res  of the meteor  dashes. 
these two effects is then 
S m 
The total correct ion f o r  
V 
t 0 . 7  . m Amv = - 2. 5 log -
v* 
22 
3. 3. 2 Vignetting, absorption, and distance 
Vignetting and absorption corrections a r e  applied exactly a s  for s t a r s .  
In doing so  we assume that the absorption i s  independent of color or ,  a l te r -  
natively, that the color of the meteor is the s a m e  a s  that of the s ta rs .  
Neither assumption is t rue  and we will probably slightly underestimate the 
brightness of the meteors ,  i f  these objects, like faint meteors ,  a r e  bluer  
than s ta rs .  
It is usual  to reduce meteor  data to a standard distance of 100 km. A 
correct ion of the form 
R Am = - 5 . 0  log - (km) R 100 
is applied. 
3. 3. 3 Shutter correct ions 
Density profiles along the meteor dash seldom have flat tops, i. e. , 
the peak density measured  is less than that representative of the t rue 
intensity. 
the low angular r a t e s  of the Pra i r ie  Network meteors ,  the relatively wide 
slit employed, and instrumental diffusion of the lens system. 
correct ion can, a t  t imes,  approach 1 mag. 
This resul ts  f r o m  a combination of c i rcumstances that includes 
The necessary  
We have, in principle, three ways of determining this correction. In 
practice,  the simplest  is almost always adequate. 
in  the cameras  was designed to produce a dash each code cycle (26  dashes 
per  cycle) of 4 t imes the length of the normal  dash to make a zero  point in  
the timing code. 
tracings.  Whenever the light curve i s  smooth (as it usually is), the differ- 
ence between the apparent magnitude of the zero dash and a smooth curve 
drawn through the adjoining measured dashes can be used as a correct ion 
The coding shutter used 
This "zero dash" is invariably flat-topped on densitometer 
2 3  
to either the density readings o r  the magnitude scale  for a l l  other dashes 
of s imi la r  angular velocity and density. This form of the correct ion has  
become so useful that we a r e  inverting our  shutter coding procedures.  In 
the past, the zero dash produced by eliminating the shutter break  was fol- 
lowed by three missing dashes, which specified the timing code. Now the 
ze ro  dash has  been made a "zero break" by eliminating a dash, and the code 
is given by three code dashes produced by eliminating an intervening shutter 
break. 
that may be used to calibrate the remaining portion of the light curve. 
Thus, for each 26-dash shutter cycle there  a r e  now 3 long dashes 
The second method of determining information on effects of the image 
spread  and the finite s l i t  dimensions is by tracing the s t a r  brightenings intro- 
duced each 10 min for fiducial points. These s t a r  pips a r e  of known duration 
and trail ing rate, and have additionally a known exposure rat io  to the 
remaining portion of the s t a r  image. 
We have laboratory facil i t ies to reproduce on film t r a i l s  of varying 
brightness and angular ra te  so that we can, i f  necessary,  simulate the 




The quality of the data available for photometry covers  an  exceedingly 
la rge  range. 
tions, the mean e r r o r s  f rom all sources  may be l e s s  than 0. 2 mag. 
wors t  ca ses  a r e  those objects photographed through an overcast  sky and for 
which there  a r e  perhaps one or  two comparison s t a r s  available. E r r o r s  in 
photometry in these cases  can easily exceed 2 mag. 
F o r  the best  cases,  with small  extinction and shutter c o r r e c -  
The 
Independent photometry of the same meteor  on fi lms f rom different 
stations has  been performed to tes t  the internal consistency of the method. 
This tes t  is significant for fewer than 25% of the meteors .  In other 
cases ,  either the geometry o r  the sky is markedly better suited for photo- 
me t ry  a t  one station than at the other, and the comparison of the two se t s  
of resul ts  is not instructive. 
to light curves  f rom two stations, we find the average difference, without 
r ega rd  to sign, between the two curves i s  about 0. 5 mag. 
point-by-point comparison between the two curves,  we assume that the two 
shut ters  were  exactly in phase and that the two cameras  recorded the same 
portions of the meteor.  In fact, the shutter can  be in phase only by chance. 
Since most  meteors  display some flaring with a t ime constant comparable 
to the shutter cycle, some of the observed discrepancies a r e  real. 
accept 0. 5 mag a s  a safe upper limit to the e r r o r s  in photometry for  an 
average case. 
and very bright portions of the light curve, and smal le r  for intermediate 
brightness.  
accurate.  
f lar ing may be exhibited. 
When it i s  reasonable to ass ign equal weights 
In making a 
We can 
E r r o r s  a r e  generally l a rge r  than the mean for the very faint 
Relative photometry of adjacent segments of the t r a i l  i s  quite 
We record magnitudes to 0. 1 in order  that small  but discernible 
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The points on the light curve for those dashes eliminated by the coding 
shutter a r e  interpolated from the adjoining measu res  unless information is 
available from another film. Interpolated and doubtful measu res  a r e  indi- 
cated by an as te r i sk  on the punched ca rd  and can be later identified if  
necessary.  
The following table l i s t s  the e r r o r s  we estimate to be applicable to our  
various c l a s ses  of photometry; the last two entr ies  a r e  reserved  for  poorly 
observed objects, unique in  some respect,  for which even poor photometry 
may  be of interest. 
Table 2. Estimated e r r o r  of photometric c lasses .  
C la s se  s 






(use r  beware) 
0. 2 
0 .4  
0. 7 
1 . 0  
2 2.0  
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5. DATA 
Tables 3 and 4 contain the velocity data, a s  well a s  dynamic and photo- 
m e t r i c  masses ,  f o r  29  meteors  reduced as described above. 
Table 3: 
The title gives the date of occurrence, the two cameras  used in  the 
t ra jectory solution for D (distance along the t r a i l  in km) as a function of T 
( t ime f rom an arb i t ra ry  zero,  0 . 0 5  per  shutter break) .  S 
A, B, C, and K a r e  parameters  obtained by fitting to the data, in the 
least-squares  sense,  an expression of the form D = A t BT t C exp (KT), 
over  a suitable interval in time. 
data  points f rom this fit. 
DDRMS is the r m s  deviation of the individual 
We  compute velocities, V = B t CK exp (KT), and decelerations,  
2 = CK exp (KT), for  the beginning, middle, and end of such a segment 
An internal e r r o r  of 10% in  C is considered acceptable. 
values of V, V a r e  reliable within the quoted uncertainty. 
Only central  
The effect of gravity is inserted a t  this point to compute a r ea l  velocity 
(VG), height (HG), and deceleration (DVG) for  a given T. 
A new position, corrected fo r  gravity, is also computed at this t ime, to 
se rve  as input to a computation to predict  an  impact point for  any body that 
survives  to the ground. 
2 
The number M/f l  (mass / a rea  g m / c m  ) is computed as follows: 
- =  m - rp(VG)2 , 
R v 
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where I' = 0.46 is the drag coefficient and p is the atmospheric  density at a 
height HG, as given by the U. S. Standard Atmosphere 1962 (1 962). 
Table 4: 
This table presents,  for the two t ra i l s  of a pair ,  the point-by-point D, 
H, and magnitude (MAG), where MAG incorporates  corrections to the pho- 
tometry as described above. The MASS is computed f rom 
-=LE$ At , 
0 T 
where T the luminous efficiency, is (cgs)  fo r  MAG = -2. 5 log I, and 
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Table 3 .  Decelerations and dynamic m a s s e s  f o r  29 meteors .  
39000 13E i16Nl AU6UST 29 1965 
39000 1bN 113E) AUbUST 29 1965 
A =  -.9~+0n- .02 
A =  -.9l*OU- .04 
.04 ?E !2(::?E-2 1.53E-3 17.86 17.86 66-51) -.42 4 72f 0 -60 
17.18 17-19 56.83 -1.64 3:73E 0 1.35 k RAt:' -035 14.24 14.26 47.44 -6.94 1.9lt 0 2.15 
39000 6 5  iIbN1 AUbUSI 29 1965 
A =  - . 8 5 * O U -  -01  
b= 17ib9 i O 2  
C= -3.OYt-2 5.92E-4 17.78 17.78 70.01 -.21 5.87t 0 -35 
17.26 17.27 58-31 -1.19 4.32t 0 1.25 
.OLE 14.73 14.74 48.10 -6.01 2.16E 0 2-10 
K =  1.90 
UO kMS1 
*= -.LI5+OU- .03 
b= 11.92 
C =  -3.51t-2 9::jE-k 17.66 17.66 64.76 - a 4 7  5.12t 0 . r 5  
16-97 16.YB 55.81 -1.15 3.84E 0 1.45 K =  1-85 
DD hMS= .019 14.75 14.r7 48.10 -5.84 2.23~ 0 Z.IU 
49049 8 d  I I 4 N )  O C T O b t R  I5 I965 
A =  -I.54+OU- -01 
b =  3i.80 .UI 
L= -V.bbt-6 8.14E-7 31.80 31.80 Y4.48 -.01 I.28E 2 - 0 5  
K =  b.10 31.7b 31.79 83.46 - a 0 6  5.66 
DU nns= a024 29.92 29.V2 73.32 -11 .45  1.991-9 1:; 
39057 6b I I j k )  OCTUbtR 24 1965 
A =  -L.5Y.OU- .01 
tl= 1z;55 - .OL 
C= -2.88t-1 I.21E-2 14.34 14 .34  13.54 -.I3 3.b7t 0 - 2 0  
K =  .b5 14.13 14.14 63.75 -.27 6.52t 0 1.25 
00 RMS= .010 13.80 13-81 55.50 - .4V Y . 4 3 t  0 2.15 
A =  -L.bl+Ok- .O2 
C =  -b.lbE-2 1.26E-3 14.19 14.20 65.13 -.23 b.43t 0 1.10 
13.80 13.82 56.41 -.64 6.50t 0 2.05 
.012 12.67 12.69 47.68 -1.83 5.55t 0 3.05 
K =  1.05 
DU MM5; 
U' 1 4 . 4 1  .u1 
A =  - 2 . Y 6 r O k -  .05 
b= 15-21 .04 
C =  -5.46L-I 8.bOt-3 13.99 14.00 57.78 - 79 6 5 8 t  U 1.90 
K =  ~ 6 5  12.87 12.89 48.94 -1:51 5:9Ut 0 2.90 
LU N M 5 =  .o21 10.88 10.90 41.52 -2.131 b.25t u 3.85 
b= 1b;Uj  i 6 5  
C= -8.b2t-1 8 . 4 8 E - 3  12.Y2 12.Y4 sU.52 -1.8b 5.12E 0 2.95 
I.= .6U 10.54 10.56 41.16 -3.29 5.27t U 3.90 
DO hMS: -023 6.88 b.91 $6.22 -5.48 L.82t 0 4.75 
A =  -l.b4+OR- . I b  
* =  .35 
DO kMS= 
i?:f:k U 7:ikE-2 11.11. 11.17 42.58 -3.19 4.V5C U j . 7 U  
'4.20 9.23 38.90 -3.87 4.75t U 4.25 
. O i l 8  7.08 7.11 36.22 -4.61 3 .54L  0 6-15 
39051 13N (bwl OClOntR 14 1962 
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Table 3 .  
39060 161 1135) OClOBER 27 1965 
1 97,O.Q- .04 2: ; Z : 4 3  .07 
C =  -7.45E-2 4.558-3 
K =  1-85 
DD HNS= .081 
A =  -.78*0R- .I2 
Li= 30 9z .OO 
C- -I:6ZE-4 2.50E-5 
K =  3.60 




1bN) OClOBtR 27 1965 
A =  -3.3010R- .02 
8;  31.25 .02 
C =  -2 7Lt-3 7.29E-5 
K =  3:05 
DD WMS= - 0 3 0  
I2El NOVEMBER 14  1Y65  
A =  -1.90rOH- .I5 
b= LU.8b -10 























A =  23.41rOH- .94 
b =  14-46 -25 
C= -2.b5E 1 1.34E 0 9.09 
9.50 
.012 9.14 
K =  .10 
DL, n K 5 =  
VG HG D V 6  M / A  1 
32.26 (19.64 - . 3 0  
31.38 70.56 -1.94 
28.22 57.09 -7.130 
30.70 70.56 -.51 
29.69 60.52 -3.74 
17.99 49.61 -46.b0 
31.23 85.86 -.07 
26.97 54.93 -13.08 









8 .05  43.45 
8.36 44.66 
0.25 4 3 . b b  
















- 0 3  











-.u2 -. 1 I .40











1.89E 0 1.10 
L.05E 0 1.05 
b.05E 0 1.10 
3 15t 0 1.65 
3:45€-1 2.35 
:;E x 1:: 
I . 45E  0 2.05 
1.ZOt I 1.30 
3.55t 0 1.75 
l . 4 4 t - 1  2.30 
5 . 2 5 t  1 4 .05  
I . 4 8 t  1 4.65 
~ . 2 4 h  0 5.50 
7.89~ 0 7.00 
V.O5€ 0 8.55 
b.6UE 0 7.85 
5.2ut 1 8.00 
I.85t 1 8 - 4 5  
5.94t-1 V.60 
s.b5t I - 0 5  
1.35t I 1-00 
>.rnt u 3.o~ 
I.09L 2 2.50 
L.23t I 3.45 
3.54t 0 4.50 
I.2Ut I 4.50 
I.35t I 5.05 
1.6Lt 1 5.90 
Y.82h U 5.50 
I.08f 1 6.30 
I.17t 1 7.0b 
I.UOt 1 6.50 
I.LLL 1 7.15 
1 . 2 7 t  1 8 .15  
31 







1651 DECEMBER 19 1965 
A =  -.79*OR- .Ol 
0; 15.03 -01  
C= - .14t -4 3.46E-5 
& Y M b  -016 
A =  -.U2+OR- .Ol 
0; 15.06 -01  
C s  -8.77E-4 1.48E-S 
K S  2 - 4 0  
DO RMS= -013 
A =  -1.12.OR- .02 
b i  15.31 .01 
C =  -9.62t-3 5.89E-5 
.ole UO RMS; 
2 7 5  
K i  1 - 7 0  
6 5  115f.l OECEM0CW 19 1965 
A =  - . U l r O R -  .03 
b= 15.06 
C= -2.94E-3 6:8&-5 
L =  2 - 0 5  
UO RMS= ,031 
5E 
4 h  
I N  
4 E  
14N) DLCEMBER 3 1  1965 
A= -I.IVrOR- -06 
b= 21.65 .06 
C= -3.1UE-3 5.77E-5 
K =  L 80 
DO kMS= -024  
1 5 t l  OtctMBEH 3 1  19b5 
A =  -1.14rUU- .02 
b= 21.96 .U3 




A =  -l.OU*UR- .03 
M =  2 1 - 9 5  .02 
C= -1 .42t -2  R.07E-5 
.022 
K =  2 - 2 5  
IJD nMS= 
14El D t L E M B t R  3 1  lYb5 
A =  - . ~ L + o u -  .u2 
B= icl.18 .03 c= -2.68t-L 4.37t -4 
.UI2 DO RnS= 
K =  3-13 
( I N 1  DtLEMBtK 3 1  I 9 6 5  
A =  2054.0M-57.27 
b=123.9U 3.UU 
L =  -d.Ubt 1 5.73E I 
L; .05 
UD uMS= .O2U 
V 
I 5  0 1 :02
14.55 
























OVG * / A  
-.02 1 79E I 
- .33  3:62€ I 
-5.31 I.49E I 
15.15 53.69 -.29 2.30t I 
14.19 30.71 -1.94 2.30E I 
7.90 26.55 -12.64 l . 16E  0 
15.04 59.89 -.07 4 . IZ t  1 
14.72 44.79 - .74 L . l l t  1 
11.25 60.32 -7.88 1.30L I 
21.40 57.54 - .71 1.22t I 
20.UU 44.b3 -4.42 0.68t 0 
14.29 55.31 -20.66 3.b7L 0 
21.95 80.87 - s o 3  b.99E 0 :A::: 21::; -;:z ::I:: b 
21.b5 bl.15 -.b8 8.38t 0 
19.08 41.49 -6.U U.33E U 
8 . 0 3  31.55 -31.36 I . 38 t  0 
18.04 60.31 - e 4 5  9.54t 0 
16.86 48.95 -*.I9 1.b5t 0 
13.50 43.26 - 1 4 . 7 8  l . *ZL  0 
18.85 55.94 -5.25 I.5bL 0 
IO.kb 40.62 -5.37 ‘.Lot 0 
























1 - 3 0  
.45 . YU 
1.35 
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Table 3 .  continued 
V VG HG DVb M / A  T 
39128 I l E  IIOWI JAhUAYY 3 
A =  l.l4*OR- 
C =  -3.1%-2 
n= 13.10 
8: a * e  
A =  1.3L.OG- 
I= 13.28 
C* -1.bRF.-I 
K Z  -60 
DD RMS; 
A= 1.47rOR- t: ! ; : L l  




C= -4.63E 0 
f.= . 2 5  
GO RMSZ 
39128 1 0 1  (Ilk) JAhUAHY 3 
A =  B  13.41 -.5U+OR- 
c= -1.22t-I  














e 0 1  











A =  -.Ub*UU- . U b  
u =  1r.11 .03 
C =  -1.31t 0 1.19t-2 
L E  - 3 5  
VD KwS= .UU9 
A =  ).L9+un- .u4 
b= 1b.RL .04 
C =  -9.7IE 0 5.39E-2 
I= .ill 
LU * , Is= .010 
A =  b7.1~1ron-  .43 
U' i r . 2 5  . I 3  
C r  -1.bUE I 6.15E-1 
K =  -10 
UJ HMS: . U I U  
9 N  l l l t l  JAirULYY 3 1Ybb 
A =  -1.03rOU- -01  
b= 13.19 .02 
C =  -3.06t-3 3 .62E-4  
. U L 8  
h =  2 . 4 5  
bU HN5; 
1 2 - 0 2  12.83 56.17 -.27 1.36t I 2.50 
11.13 11.74 49.26 -.93 1 . 1 1 E  0 4.55 
12.48 12.69 5 z . 8 ~  - .4n  i.wt I 3.45 
12.49 12.49 53.06 -.4M 1.Obt 1 3.40 
I 1  9 11.93 49.90 - a 1 3  9.27L 0 4.35 
lO:8$ 10.09 46.49 -1.20 7.27L 0 5.45 
1:J :+:: b5.26 
1 2 - 9 3  12.94 I+::: -.35 b . 8 l t  0 
13.20 13.21 61.60 -.I9 I.05E 1 1.10 
12.95 12.Yb 5 7 - 6 6  -.27 1.18L 1 2.20 
12.50 12.59 5 3 - 6 4  -.38 1.27t I 3.35 
12.40 12.41 51.61 - .US 0.76t 0 3.95 
12.09 12.10 50.45 -.90 7.30t. 0 4.30 
11.45 11.46 48.21 - e 9 3  d . 3 4 t  0 5.00 
1 2 - 1 9  12.20 51.11 - .67 Y . l l t  (1 4.10 
11.33 11.35 4 1 - 7 5  - e 9 7  8.30t 0 5.15 
10.17 10.19 46-83 -1.38 b.98L 0 6.15 
11-48 1 1 - 4 9  48.0b -1.06 I .45t U 5.U5 
8.28 8-30 41.69 -1:70 5.831 3:;: 10.11 10.18 4 6 . 8 3  1 33 1.24 
10.66 10.b8 4 5 . 8 2  -1.3b o . 8 O t  0 5.8U 
9 - 5 9  9 - 5 5  43.62 -1.+7 b .8 l t  0 6.6" 
7.90 7.92 41.13 -1.03 b . U O t  0 1.65 
13.18 13.18 60.57 -.02 9.75t I .10  
f;:; ;;::: 56.94 -.27 1.29E I 1 . 1 ~  54.12 -1.92 r . 2 9 t  0 1 . 9 ~  
13.09 13.09 57.13 - a 4 5  1.bUt ti 1.05 
1 2 - 0 2  12.d2 54.99 -.4b Y . 1 3 t  0 I.b5 
12.19 12.20 50.54 - e 4 9  I . 3 5 t  I 2.95 
1 2 - 0 2  1ZsUb 50.39 -1.03 b.36k 0 3.0U 
10.97 10.98 41.24 - I  14 I 06t  ti 4 V u  
9 . 8 3  9.84 *4.55 -1:,?5 7:45L 0 4:95 
10.90 10.91 *7.39 -.79 Y . M l t  U 3.95 
10.40 10.41 45.78 -1.04 8.4bt U 4.5" 
9 - 4 5  9.47 43 . lb  -1.52 b.36L Li 5.25 
9.98 1O.UV *4.bR -1.2') I . 3 l t  L 4.90 
9 - 5 1  9.59 43.88 -1.42 b.76t 0 5.20 
6.bl b.03 +0.4L - 2 . 4 1  5 . U P t  0 6.75 
3 3  
Table 3 .  continued 
v VG HG OVG M I A  1 
39129 3N (251 JANUAYY 4 1966  
39130 5E i LN)  JAhUARY 5 1966 
2; ;::;$*OR- -03 
CS -5.56t-3 7:OIE-5 L8.38 fJ:;s 67.48 -.59 7.b3L 0 -85  
51.59 -4.67 b.06L 0 1.55 
.019 $8:;: 20.56 40.58 -23.70 3.02t 0 2.10 *. 2.95 DO RM5: 
39130 2N i 5 t )  JANUARY 5 1966 
A =  -1.42.0P- .Ol 
2: i?:::E-Z 9:8:E-4 28.20 28.20 81.46 -.09 3.35E 0 -05  
28.05 28.06 69-58  -.45 7.34t 0 -70 
-020 2 6 - 9 6  26.96 51.56 -3.11 Y . 0 7 t  0 1.50 
hs 2.40 
DO PUS= 
39130 4U iLN)  JAIYUARY 5 1966  
A =  -3.59+UR- - 2 4  
b= 29.22 
C= -1 . k j t -3  3zkzE-5 27 26 27 28 48 79 -7.04 5.8IE 0 1.65 
25:20 25:22 44:49 -14 .67  4.27t 0 1.85 
.017 17.38 17.40 39.13 -42 .61  1.48t 0 2.15 
k =  3.b0 
DO P k S =  
19130 2 1  i 4 # )  JAhUAWY 5 1966 
2: ;j:;you- .04 so3 
C= -7.UOE-4 1.29E-5 27.73 27.73 62 89 -.49 1 5 1 t  1 1 OU 
26.V7 26.98 S1:69 -3.36 8:jOE 0 1:5U :; R:31° .025 17.39 17.61 39.03 -39.78 1.61t 0 2.15 
39135 I & €  115h l  JANUAPY LO 1966 
99135 15N 1 1 4 t l  JAlrUAYY 10 IYbb 
34 
39139 
Table 3 .  continued 
7* I l b l i )  JANUAUY 14 
39139 I b h  
A= -.82IOR- 
b= 19.62 e= -3.2ot-2 
K =  1.20 
DO RMS= 
A =  -.78*OR- 
M =  19.4r 
C= -1.6lt-5 
K r  4.30 
00 UM5= 
17Ul JANUAUY I4 
A =  -.92*OH- 
bZ 19.52 
C= -3.52t-6 
K i  4.70 
00 KMS= 
39154 15t ( 1 . 5 ~ )  JAhUAUY 29 
&= -1.30tOH- 
b= 2u.97 e- -3.49f-3 
k =  L.b5 
UD R M S r  
39154 Ib*l IIZt) JAIYUAUY 29 
A= -1.13tOk- 
6 ;  2U.9Y 
c =  - 4 . 3 2 t - 4  
k.= 4 . 1 5  
OD nmsr 
6: -1.L210K- 
U T  21.25 
C =  -1.Ykk-2 
k =  2.20 
lJu dh5' 
A =  -1.bltOK- 
I.'= LI.71 
C =  -4.7lE-2 
k =  1.90 
DO hMS= 




3.OPE-3 19.56 19.57 Y3.03 -.07 4 . 4 1 t - I  .35 
19.45 19.45 b 8 . 0 3  -.20 3.85t-I 1.25 
-011 19.09 19.09 82.85 - a 6 4  3.UL)t-I 2.20 
.u2 
.O1 
ZsIIE-6 19.47 19.47 90.80 -.Ol o.33E 0 .75 
19.43 19.43 86.66 - . l Y  5.44t-I 1.50 




8.31E 0 19.60 19.60 Y 4 . l 4  -.Or 3.22€-1 .05 
19.53 19.54 89.72 -.07 beU3t-I .95 
-018 19.45 19-66 b3.93 - a 0 8  ~ . l Y f .  0 2.00 
.01 
.Ol 
5.15E-7 19.52 19.52 92.77 -.01 b.36t I -40 
19.51 19.51 Lt6.95 -.07 I.3Mf 0 1.45 




IaO2E-4 20.96 20.96 b9.72 - . 0 3  4.23L 1 - 1 5  
20.80 20.81 54.13 -.*(I ~ . 5 3 t  1 1.00 
.Ol7 18.74 18.75 38.19 -6 .36  1 . 3 3 f  1 1.90 
.Ol 
.Ol 
1.90E-4 20.99 20.9') b6.08 - a 1 0  L . t ( 3 t  I -31, 
20.15 20.16 22-30 -a72 2.0YE 1 1.10 




2.74E-5 20.99 20.Y9 70.52 -.01 I.*7E 2 .I0 
20.93 20.94 56.73 -a25 3.64t 1 .85 
.017 19.62 19.04 4 3 . 1 4  - 5 . 0 6  7.Y5E b 1.60 
.U1 
.01 
1.14E-4 21.15 21.16 b 5 . 0 Q  -e22 I.52t I .40 
20.22 20.23 45.19 -2.21 I.46t 1 1.45 
sU19 11.90 Il.Y2 3 0 . 4 3  -2U.56 >.5Ut 0 2.45 
.05 
-04 
*.lo€-4 20.55 20.56 47.59 -1.20 1.22t I 1.35 
19.22 IY.L4 40.55 -4.72 1.3% I 1.75 
.Ol3 13.15 13.17 30.98 -16.25 1.7lt 0 2.40 
39179 I l k  IYN) FtaRUAUY 23 lY66 
A =  - 1 . 1 8 + 0 U -  .02 
br ' 3 . 3 1  .U2 
C =  -2.UZt-2 1.15E-4 23-16 23.15 b4.20 -.44 I.02E 1 .YU 
K =  1.95 21.77 21.78 20.25 -3 .11  e.Y9t 0 1.90 
IJU K M ~ :  .u20 13.19 I 3 . L O  39.30 -19.85 1.70t 0 2.65 
35  
Table 3 .  continued 
3910OA 8 5  IL3uJ FEbRUARv 24 I966 
A =  -3.51rOR- .I7 
I =  13.53 
C =  -3.1Yt-5 5::L-6 K: 4 no 
UU R M t =  .017 
391UOAL3Y 
39lUOBI 15 
39 180B I It 
3Yl82 111 
1851 FCuRUARy 24 1966 
A =  -3.5010H- .01 
b =  lc.53 .02 
C= -5.bUt-2 1.43E-3 
.U12 
K =  1.70 
V V  KnS: 
A =  -3.63rON- .08 
e=  14.86 
C: -1.IZE-I 3:!!E-3 
h =  1 - 4 5  
UV kMS= .U2I 
IYNJ FtbRuARl 24 1966 
ArZOb.55.0R-J1.67 
b r  3U.98 1.64 
c x  -~.lUt 2 3.17E 1 
h: -05 
DLJ urns= .u21 
I 9NJ  FtbRUAMY 24 1966 
A=-2!.Yl+Oh- -05 
b =  '2U.14 .U3 
C= -d.5IE-2 3.27E-4 
h =  1-70 
DO kmS= -024 
A=-LU.70*0K- .I3 u =  20.23 -09 
C =  -~.79t u 2.ObE-2 
LU HMS= . U 3 1  
h =  -65 
1 1 1 ~ 1  bteRUPIUV 26 19bb 
A: -.n7*u*- .01 
b =  l l . 5 1  .Ol 
C =  -1.77t-5 4.71E-6 
h =  4-60 
DD KFIS; -026 
A =  *.7L*OH- .32 
L- lV.53 .I4 c =  - 5 . 8 8 t  0 3.62E-1 
K =  .L> 
bb * M 5 1  .U27 
A I  -.bl*Od- -06 
b =  17-41 
C =  -1.4lt-4 3:Y:E-5 
h =  2.45 
"b d(i4S. -043 
A =  -(..jI+Ud- -12 
Li: 1Y.bZ .LO 
C =  -1.7bt-I 2.7Ut-3 
li' 1.10 
L,u * n s =  .U41 
A =  -3.91.0"- 1 . 1 1  
t 3 =  3s.19 1.22 
c: - l . * > E  1 7.75t-I 
K Z  .40 
LJ" R,.,5= .U42 
1l.hl 6 t U H b A H Y  26 196b 
A: c.83.UU- .U2 
8: Il.45 .01 
c =  -1.33t-3 2.19E-5 
. U 1 3  
h =  ~ ~ 4 5  
bo * r i s =  
3YlYl 61 11310 NAHCh I 3  1966 






































~ n . 1 3  
~1.38 








































































































1 : d  8 
5 . 8 4 t  0 
5.7lt 0 
4 . 5 8 €  0 












































1 . 1 5  
2.25 
- 0 5  
.55 
1.25 































Table 3.  continued 





I Y  ( 4 s )  APRIL I4 1966 
45 (IYI APMlL I4 19b6 
5€ 12N) APHIL 25 1966 
A =  -.78+OR- .01 
b= 17.11 
C= 3.06t-b 2:%E-6 17.11 17.1 77.99 -01 4.23E 3 .05 * =  ..75 17.11 17.12 6 3 . 8 0  .02 3.26E 2 lrOO 
UO arts= .025 17.30 17.32 48.89 -03 1.76E 1 2.00 
A =  -1.03+0R- e02 
i i Z 3 l E - 3  I:!jE-4 17.29 17.30 63 -80  - . I 2  L-OIE 1 1.00 
K =  1.70 16 94  16.06 48 8 9  -.72 2.16E I 2.00 
DO UMS; . O l P  15:04 15.06 3 4 : 7 6  -3.95 2.3ZF. I 3.00 
A =  -1.bStOR- .Ob 
tr !i:!?E-2 17.07 17.09 68 -89  -1.00 I.57E 1 2.00 
14.60 14.63 33.48 -4.21 2 5 1  1 3.10 b fl:alo .029 7.31 7.42 24.29 -13.59 8:37E 0 4.OU 
A =  -be95tOh- .23 
b= Lb.12 . I 5  
C; -4 .85t  0 5.16E-2 15.26 15.29 34 -76  -5.42 1.74€ I 3.00 
K r  -50  12.52 12.55 29.28 -6.79 L e Z O E  1 3.45 uu H M S =  .01C 8.22 8 . 2 5  24.29 -8.94 1.57E I 4.00 
A= 1.24*0!4- . I1  
b= 32.10 
C =  -1 .b7 t  1 1 : f k - I  15.35 15.38 34.76 -5.85 1.63E 1 3.0U 
12.15 12.18 28.77 -6.97 2 . l 8 t  I 3.50 
RniZ' .0lC 6.16 6.20 22.70 -9.07 I . 1 3 t  1 4.25 
2N (5El APhIL 25 1966 
A= -.94+OU- .02 
bi 17.40 
C Z  -I.*2E-2 1:!!E-4 17 28 17 29 b2.19 -.I8 I .71L 1 1.10 
16:73 16:75 45.88 -1.02 2.I8E 1 2120 
-015 14.00 16-03 31.52 -5.25 2.5IE 1 3.25 
h= 1 - 5 5  
00 K M S =  
b= lU .56  
C =  -I.(r5E-3 2:8:t-5 18.47 1 8 - 4 8  bO.61 -.24 I . 1 U E  I 1.05 
h =  I . 1 5  17.9* 17.95 *9.32 -1.71 Y.63L 0 1.75 uo un5= -018 12.08 12.10 37.20 -17.83 r .2b t  0 2.b0 
37 
Table 3.  continued 
39261 9N 11Ohl M A Y  I 6  1966 
39261 1OW l 9 N I  MAY I6 1965 
:83 A =  -.62*OY- b =  20.53 
C= - 4 . 7 8 E - 1  1.72E-2 
K *  I IO 
b0 RMJ: -020 
A =  -.63*OR- -03 
6; 19.23 ~ 0 3  
C= -9.07t-3 1.82E-4 :; R;p .015 
39302 9N (105)  JUhE 26 1966 
A =  - 1 . 2 4 t O R -  -03 
29.22 .OC @: -1 .3Vt -2  2.76E-4 
b; R:iPu .022 
39302 105 I 9 h l  JUhE 26 1966 
A =  -1.4brOR- .02 
b =  30.20 .U4 
C =  -4.13E-2 1.22E-3 
.O28 
K =  3.05 
U 0  RMS= 
39304 16N ( I 3 E )  JUNE 28 1966 
A =  -.84iOU- -01 
b= 24.57 -03 
C =  -3.49t-1 8.38E-3 
k =  1.10 
DO YM5= -029 
A=784.llrOU-58.76 
U =  64.83 3.18 
c= -1.86E 2 5.8VE I 
K =  .05 
UU R n S r  . 028  
39304 13L 116Nl JUNE 28 1966 
A =  -.50+0R- e 0 7  
8 ;  L3.66 -06 
C= -2.20E-2 9.29E-4 
.021 
K =  2.10 
00 UMS; 
39360 Y d  112hl AUuUST 23 1966 
39360 I 2 w  ( V U 1  AUbUST 23 1966 
I =  50.71.0~- 6.42 
b= 2b.52 . 3 4  
c= -5.20E I 6.43E 0 
h= 05 
uv uni.  .024 
A =  -1.U4rOR- - 0 2  e= 23.74 
c’ -1.UbE-2 l:ZbE-3 
I= 1.00 



































2 3 - 4 7  






19.27 7 65 
































I iG DVG M I A  
7 6  07 -.75 
66-56 -3.84 
51:91 -27.88 
72.64 - .41 
61.38 -1.26 
49.61 -3.81 

















23-46 23.44 76.32 
23.20 23.21 14.13 
22.45 22.*5 72.05 
23.21 23.21 74.32 
22.76 22.16 72.32 





- a 3 6  
-.37 
-.I3 
- . I 4  I5 
::E e 
3.03E 0 
2.01.5 0 ;:::E 8 
7.23E 0 




















L . 7 1 t  0 








































- a 2 1  ) . lot  0 1.95 
-e25 3.69L 0 3.10 
-.30 4.25L 0 4.30 
-1.16 I.32F. 0 5.20 
-.42 2::zf 0 4 00 
-.44 0 5.05 
-.46 t.05.5 0 6:lO 
A =  1.52*W- e22 
b= 23.01 .05 
L= -1.22F.-3 8.87E-5 22.81 22.Ul 72.79 -.2 
22.55 22.25 11.33 - a 4  
-036 21.55 21.55 b9.43 -1.5 
h= 1-05 
UU YMS= 
6.8bL 0 4.80 
J.55E 0 5.60 
1.32t 0 6-70 
38 
Table 3 .  continued 
39376 13w 
39376 
3937 t  
V 
185) 5tPTtMBEU 0 1966 
A: 81.OL*OR- 6.60 
Br 22.29 .37 
C= -8.19E 1 6.b3E 0 11.99 7 75:i -014 17.57 
A =  .U3*OR- mol n= 18.32 .04 
C= -1.98t- I  4.08E-2 
K: -35  
UD HMS= -013 
A =  .b2*DR- -09 
B= 17.3~) .03 
C= - 5 . 8 l t - 1 1  I.b8E-11 
.UL5 
K I  5 - 1 5  
UD RH5- 
A= Y.b5+OY- -60 
b z  LU.51 .34 
C: -1.20t I L.07E 0 
K =  - 1 2  
DD RHS; -019 
A =  3.22rOR- .35 
M =  16.87 e07 
L =  -5.28t-3 3.84E-4 
K =  .85 
uu nns= -023 
A; -l.45*OH- .24 
b= 18.41 .05 
C= -4.9bt-L 7.85E-3 
K 1  -40 
uu  RMS= -019 
85 1 1 3 ~ )  StPT€MBER 8 1966 
A =  85.51+OH-51.68 
b= 23.48 3.11 
C r  -Y.76t I 5.25E L 
I= .u5 
DD R h 5 r  -040 
A--Iu.59*OR- .I2 
L= 1 1 - 7 5  -03 
C= -L.I2€-4 1.51E-5 
.040 
K T  1.70 
00 R k 5 =  
A=-LU.lL*OU- .30 
b= I l .6Y .U8 
C z  -I.b5€-2 2.05t-3 
li: .I5 
bu k,15= -037 
A:2ll.l8*OU- 7.06 
b: 3 L . U I  .5U 
L= -L.IVk 2 1.46t 0 
*r .v5 
L O  Rh5.  .021 
A =  - I . ib+Uk- .L4 
b- 11.31 -04 
C= -5 .8 l t -2  1.01t-3 
K =  .bV 
uu Nk5- . U Z I  
A=-IU.~L+OH- .27 
b =  l u . I V  .05 
C= - ~ . 1 3 t - I  2.bbE-3 
k :  .45 
bb N n 5 =  .Olb 
n=- lu .6 l+Ok-  .ti5 
b: 16.02 e 1 3  
C= - ~ . l L t - t  5.35E-3 * =  .45 
LU kM5; .026 
I 4 t  IIjwI 5tPTLHBEd 8 1966 
A =  Y L  .8 1 *OH- 1 1. 2 2 
b- 2 L . H b  .b2 
c =  - v . 3 4 t  I 1.L3t 
K =  .U5 
GD h M S =  .U2b 
A =  71.Y9*OH-lI.50 
b= 4 1 . 1 0  -68 
C z  -7.25t I I.LbE 
K =  .lJ5 
LU nns: .027 
A=I0s.tlU+0~-14.BV 
b =  24.28 .Y3 
C= -1.lbt 2 1.52t 
K =  -05 
UD r(~15= .037 
A =  i.ju+on- . 4 1  
b =  11.27 .IU 




A -  + . L B * O K -  -40 
M =  Ib.60 - 0 1  
























































































































6 8 - 5 5  
67.59 

















6 8 - 2 5  
b5.81 





6 3 - 7 7  
6 1 - 6 7  0.07 










88 -89  
6 7 - 1 9  




0 3 - 7 2  





























- .*I  
- . R 3  
-.73 1 
-.01 













































I . 0 3 t  0 
I.L4t 0 
b.2bt 0 
5 .Ubt  0 
2.94t 0 
L . 8 4 t  0 
3.1bt 0 
J.43L 0 
4 . 8 5 t  0 
L.93k 0 
1.78E 0 
L. lUt 0 





3 . l U t  v 
3.96L V 
5.U2E 0 
5 . L l t  0 
b . l lE  U 




I . 93 t  0 






































6 - 0 0  
7.10 
8.uu 






















Table 3 .  continued 
39406A bn I 8 N l  OClOBtU 8 1966 
A =  -H.l4*OY- .Ob 
b =  11.07 -03 
C =  -3.Obt-3 8.5bE-5 
hk3Z0 .040 
394ObA 8. (bWI OCTOBEW 0 1966 
A =  -.7O*Otl- .03 
b= 17.30 
C =  -1.43t-2 3 : 8 t E - 4  
K =  1.60 
bU Y M S I  .020 
A =  .74*OU- - 1 0  
8;  16.36 
C z  -4.12t-4 0:g:t-6 
K =  2.75 
00 hMS: .024 
39442 l h  l 2 t l  NUYEHBLR 13 1966 
a =  -1.34.on- .OI 
b:  Ls.7H .02 
C =  -1.13E-2 7.93E-4 
K I  2.55 
00 nM5= - 0 1 9  
A =  -1.43.OR- - 0 3  
b =  i4.89 .oz 
k =  L.20 
UD Uh5. .020 
c =  -L.unt-L i.i~t-4 
39442 it I l * l  NOVEMBtR 13 1966 
2: -:;;*un- .u2 
.03 e= -9.33t-3 3.97t-4 
k =  L.50 
vu k M S D  - 0 4 3  
A =  -.36+0U- .u4 
b= L4.99 
C =  -L.H9t-2 2:9?t-4 * =  L.10 
bU rtns= - 0 2 9  
V VG HG DVG H/A 
17.09 17.10 62.77 -.01 1.44E 2 
1:::: t::9: t?:% -3:K ?:E€ f 
:5: 1S:I :k$9 3::: ::;E t 
16.97 16.98 54.82 - . I 8  3.99E I 
17.23 17.23 67.45 -.I0 1.55t I 
17.06 17.06 54.84 -a29 L.6lt 1 
16.58 16.59 42.47 -a79 4.40L 1 
17.11 17.12 55.51 - a 3 0  2.31E 1 
f$:g: it::: 42.47 -1.52 2 - 2 7  30 96 -7.54 1.54k t 
16.OH 16.09 42.47 -a75 s.40F. 1 
15.26 15.28 36.60 -3.00 2.44t I 
9.81 9.84 29.70 -17.99 4.78t 0 
24.7* 
24.58 5:::: ::::8 z::: ::a?: g 
23.46 23.47 55.67 -3.36 j.9UE 0 
24.47 24.48 63.42 -.90 0.12E 0 
23.16 23.17 5 3  39 -3.80 * . * I t  u 
10.90 10.92 41:74 -30.76 5 .55 t - I  
24.56 24.56 77.00 -.07 I . 19 t  I 
24.30 24.31 6 2 - 7 1  -.70 t ) . 4 3 t  0 
21.13 21.14 47.67 -0.64 3.27t 0 
24.50 24.51 02.71 -1.03 5 . ~ 1 5 ~  o 
2 2 - 3 6  22.35 50.47 -5.51 3.99t 0 





























COMMENTS ON TABLE 4 
An X appearing in any column indicates that the photometry for  the ent i re  
meteor  fa l l s  within that c lass ;  otherwise, portions fall  into various c lasses  as 
indicated by the dash numbers.  
and a direction; thus "14E" re fers  to  the eas t  camera  of station 14. 
Individual cameras  a r e  designated by the station 











391 1 3  1 - 3 5  
39125 1-19 ,46-56  20-45 
39 126 x 
39128 X 
391 2 9  X 
391 30 X 
391 35 
391 3 9  




0-1 Q , 3 0 - 4 9  20-40  
X 
I -24 ,51 -59  25-50 
X 
2 f r a g m e n t s  v i s i b l e  a t  the  end 
of t r a j e c t o r y ;  pho tomet ry  con-  
f i r m e d  by 14N.  
1 2 E  pho tomet ry  u s e d  t o  ex tend  
tha t  of 9W;poor  c o r r e l a t i o n  i n  
i n t e n s i t y  f luc tua t ions ,  but both 
show cont inua l  m i l d  f l a r i n g  
wi th  p e r i o d  < 0. 05 s e c .  
36 -72 l a r g e  a t m o s p h e r i c  a b s o r p t i o n  
c o r r e c t ion; m e t  e o r  t r i g  g c r e d  
all p h o t o m e t e r s  a t  n e a r e s t  
s t a t i o n  (16) ,  t h r o u g h  o v e r c a s t .  
X 
pho tomet ry  of b r i g h t e s t  half con-  
f i r m e d  by 5E d a t a  o p e r a t i n g  wi th  
a n  objec t ive  f i l t e r ,  d e n s i t y  = 1 .  
m e a n s  of 14E a n d  15N pho tomet ry  
combined  d a t a  f r o m  16W, 1 5 E ;  
s k y  w a s  cloudy a t  1 6 ; m e t e o r  
o v e r b r i g h t  a t  1 5  f o r  good 
p h o t o m e t r y .  
9N ( o p e r a t i n g  wi thout  s h u t t e r )  
w a s  u s e d  t o  i m p r o v e  a n d  v e r i f y  
d a t a  f o r  1 1 E .  
1 - 3 9 , 6 6 - 7 4  3 4 - 6 5  m e t e o r  begins  on 1 IS, c o n t i n u e s  
o n  11E;pho tomet ry  was done  o n  
both;  9N w a s  o p e r a t i n g  without  
















COMMENTS ON TABLE 4 (Cont.  ) 
2 3 
1 - 2 9 , 6  1 - 7 6  30-60 
14- 3 4  
X 











1 3 N  c o n f i r m s  pho tomet ry  f o r  
b r i g h t e r  po r t ions  (M < - 6 )  of 
l igh t  curve.  
l a r g e  z e n i t h  ang le  d e g r a d e s  
a c curacy ;  re l a  t iv  e ly  high qua 1 it y 
is a s s i g n e d  b e c a u s e  of good 
a g r e e m e n t  be tween 5E and 2 N .  
equa l  we igh t  m a y  be  a s s i g n e d  
to  1 2 N  and 11  W p h o t o m e t r y  
d a t a  
r a p i d  f l a r i n g  (AM = 1 )  wi th  
pe r iod  0 .  01 s e c  du r ing  d a s h e s ,  
3 4 - 3 7 .  
poor  a g r e e m e n t  i n  pho tomet ry  
be tween the two films is due ,  
i n  p a r t ,  t o  f l a r i n g  of t he  m e t e o r .  
s h o r t - p e r i o d  (E 0 .  01 s e c )  m i n o r  
f l a r e s  are  evident  t h roughou t  
the t r a j e c t o r y .  
14E pho tomet ry  c o n f i r m s  t h e s e  d a t a .  













1 1  
12 
13  





1 9  
20  
2 1  
22 
23  




2 8  











4 0  










































Table 4. Photometric masses  for 29  me teo r s  
H 




























































































































1 53Ok-0 1 
7.740E-02 

































6 5  




























































































































Y 2 . 5 U Y  

































65.3t .3  




















































-7 . 7 














5 1 0 1  t+OO 
5.094E+00 
5.089€*00 






















7 86  1E-0 1 
6.400L-01 
5 9 69E-0 1 
5.654€-01 
5 4 0 5 t - 0  1 
5 22 7€-0 1 
5 0 7 3 t - 0  1 



















42 6 6 4  
44.228 
48.769+ 















































1 5  
1 6  
17 
18  
1 9  
20  
2 1  
22 
23  
















4 0  
4 1  
42 
4 3  




4 8  
4 9  
50  
5 1  
52 
53 
























































































Table 4. continued 



















































































































































3 4  276 
34.908 
13N 









































5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
67 
6 8  
6 9  
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
80  
8 1  
82 
8 3  





8 9  
90  
9 1  
92 
9 3  
























































































































Table 4. continued 
3 9 0  57 (continued) 















9 4 8  6 E-0  1 
8 859E-0 1 




6 0 2  5E-0 1 
5 725E-0 1 
5 5 18E-0 1 
5 305E-0 1 
5 072E-0 1 
4. 8 38E-0 1 
4 663E-0 1 
4.453E-0 1 
4 036E-0 1 
3 7 4 2  E-0 1 
3 347E-0 1 
3 166E-0 1 
2 07 17E-0 1 
2 559E-0 1 
2m454E-01 
2 3 39E-0 1 
1 06  17E-0 1 
1 470E-0 1 
1 316E-01 
1 152E-0 1 
9 0456E-02 






















































2 1  
22 
23 






3 1  
32 
3 3  
34 
3 5  




4 0  
4 1  
42 
4 3  
4 4  
45  





. 2 L t +  
1.299 


































6 n . z i n  






7 3 -31: 1 









































































































































































2 9  
30 










4 1  
42 
43 





























O h  

















































































- 3 . 3  
















































9 * 9 7 2 E + 0 0  
9.940€+00 
9 0 9 0 3 E + 0 0  
9 0 8 6 6 E + 0 0  
9. 829E+00 
9 * 7 8 8 E + 0 0  
9.755E+00 
9.  730E+00 
9 * 7 1 3 E + 0 0  
9 * 6 9 6 E + 0 0  
9*677E+00 
9 0 6 5 8 E + 0 0  
9 0 6 3 8 E + 0 0  








9 0 3 8 9 E + 0 0  
9 * 3 6 5 E + 0 0  
9 0 3 4 2 E + 0 0  
9 0 3 2 0 E + 0 0  






















8 0 7 4  1 E+OO 
80705E+00 
8 .663E+00 
8 * 6 1 0 E + 0 0  
8 5 6 2 € + 0 0  
48 
Table 4. continued 
N 
5 b  
5 1  
5 8  
59  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  
7 3  
1 4  
7 5  
7 6  
7 1  
18 
7 9  
80  
8 1  
82 
8 3  




8 8  
89 
9 0  
9 1  
92 
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  
1 0 0  
101 
1 0 2  
1 0 3  
1 0 4  
105  
106  
1 0 1  
108  
109  
1 1 0  
0 
28.120 
Z Y  .245 
29.161 
3 U . 2 1 0  
3 0 . U 3 3  
31.383 
31.919 































5 5 . a 5 t  
58.17 8 
5 l . R I Z  






























































































































































































7 0 9 6 0 E + 0 0  
7.91 1E+00 
7.873E+00 
7 0 8 4 1 E + 0 0  
7.804E+00 
7 756E+00 
7 0 6 8 9 E + 0 0  
7m663E+00 
7 0 6 4 5 E + 0 0  
70613E+00 
7.562E+00 
7 5 0 1  E+OO 
7.430E+00 
7 0 3 5 7 E + 0 0  








6 7 5  1 E+OO 








6 - 2 8 9 E + 0 0  










Table 4. continued 
9 *, 3 9 0 7 8 (continued) 












1 2 0  

















































5 7 .  I )  3 4 
































































































































































































































4 0 9 7 3 E + 0 0  
4*860E+00 
4.781E+00 
4 7 17E+00 






























2 e07 1 E+OO 
2.006E+00 

















































































4 1  0455 
41.365 
41.284 
Table 4 .  continued 
9a 39078(continued) 12E 


























































2 1  









3 1  
32 
3 3  
34 
















5 1  
5 2  
5 3  
54 



























































































Table 4. continued 

































































































































































































5 9  
6 0  
61 
6 2  
6 3  
6 4  
6 5  
66 
67 
6 8  
6 9  
7 0  
7 1  





























Table 4. continued 




















9 565E+0 1 
8.979E+0 1 
8 e 4 4  1E+O 1 
7 265E+O 1 
6.392E+01 














































1 3  




1 8  
1 9  
2 0  
2 1  
2 2  
23 
















4 0  
4 1  
42 
4 3  









































































































































































6 0 6 0 3 E + 0 0  




























9 558E-0 1 
8 235F;-0 1 
7. 135L-0 1 
5 9 16E-0 1 
4 8 5 3t-0 1 






















46  602 
47.371 
48.  146 
5E 





















Table 4 continued 











































































































1. 11 1E+00 
1.007E+00 
8.921E-0 1 
7 066 1E-0 1 

























































1 1  
12 
1 3  





1 9  
20  
2 1  
22  
23  
















4 0  
4 1  
4 2  






4 9  
50  
5 1  
52 
53 















1 1 - 2 3 5  


















































































P I A L  























































M A 5 5  (KGI.1) 
9.457L+00 
9 - 4 5 2 L + 0 0  
9.447k+00 




9 42 1 €+OO 
9 - 4  1 5 t + 0 0  
9 0 4  1 OE+OO 
9 .404t+00 
9 . 3 ~ t + 0 0  
9.392E+00 























































































































































6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
67 
6 8  
6 9  
7 0  
7 1  
72 
73  
7 4  
7 5  
7 6  
7 7  
7 8  




8 3  
8 4  
85  





9 1  
92  
9 3  
9 4  
9 5  
9 6  
97  
9 8  





1 0 4  
105 






















































































































































l a ~ l e  4. continueu 
39 128(cont inued)  
M A S S ( K G t 4 )  
8.173€+00 
8.08RE+00 











































































































































































































M A S S ( K G M 1  















7 0 6 6 2 E + 0 0  
7.517E+00 
7.353E+00 
7 0 2 3 7 E + 0 0  
7.140E+00 





















































































6 9 0 6 8 2  
71 .808  
72 .878 
7 3 0 3 9 5  
7 4 . 4 4 8  
7 4 . 9 5 3  
75 .463  
75 .958 
76 .480  
76 .976  
77 .469  
7 7 0 9 6 7  
7 8 . 4 4 9  
78 .939  
7 9 0  394 
79 .906  
80 .381  
8 0 0 8 5 2  
81.312 
8 1 0 7 6 9  
8 2 0 2 3 4  
82 .691 
8 4 0 5 3 0 *  
8 5 0 4 0 4 *  
8 5 0 7 9 7  
8 6 0 6 0 6  
8 7 0 0 3 9  
8 7 0 4 5 0  
870H83  
8 8 0 2 7 7  
88.660 




46 .546  
4509b  1 
45.697 










4 4 0 0 9 0  




4 3 0 5 8 4  
43.342 













Table 4. continued 
1 0k 39 128 (continued) 
M A S 5 ( K G M )  
2 o 8 6 O E + O O  
2 783€+OO 
2.7 10E+00 
2 0 6  1 O E + 0 O  
2.5 11 c+oo 
2o435E+00 
20360E+OO 
2 0 2 7 5 t + 0 0  















l 0 1 1 7 E + 0 0  
l 0 0 6 7 E + 0 0  
1.017E+00 
9 66OE-0 1 
9 044E-0 1 
8 3 11L-0 1 
7 4 3  7E-0 1 
6 6 39L-0 1 
5 9 7 6E-0 1 
5 3 13E-0 1 
4 .  649E-0 1 
3 98 6E-0 1 
3 48  3E-0 1 
2 0995E-0  1 
2 0687E-0  1 
2.197E-01 
1 679E-0 1 
1 16 lE-01  
8 866E-02 
5 9 1 1E-02 
2 9 5 5E-02 
D 
7 0 0 4 5 3  
7 1 0 0 1 8  
7 1 0 5 0 2  
7 2 0 0 2 5  
7 2 0 5 5 3  
7 3 0 6 5 4  
7 4 0 6 6 5  




7 7 0 2 0 2  
7 8 0 6 7 8  





8 1 0 9 6 2  
82 .423 
82 .863 
8 3 0 3 3 5  
83.779 





8 8 0 0 2 4  
8 8 0 4 5 6  
11E 
H 
46  346  
46 .196  
4 6 0 0 6 8  
45 .929 
45.788 
4 5 0 4 9 6  






4 4 0 1 6 5  
4 4  0 4 4  
43.917 
43 .661 
4 3 0 5 3 6  
4 3 0 4 2 5  
43.297 
4 3 0  175 
4 3 0 0 5 9  
42 .935 
42.817 
4 2 0 6 9 8  
42  577 
42 .465 
4 2 0 0 2 4  
4 1 0 9 1 2  











2 . 4 0 5 € + 0 0  
2 327E+00 
2 0233E+00  
2 0 1 5 7 E + 0 0  
2 074E+00 
2 0  005E+00 
30926E+00  
1 .820€+00  
10732E+00  
10626E+00  









9 873E-0 1 
9.08 1E-0 1 
8 37 1E-0 1 
7 7 2  5 E-0 1 
60915E-0  1 
6 065E-0 1 
50215E-01  
4 365E-0 1 
3 5 1 5E-01 
2 06  17E-01 
1 7 18E-0 1 
80195E-02  
58 
Table 4. continued 



















1 9  
2 0  
2 1  
22 
2 3  
2 4  
2 5  
2 6  
27  
28 
2 9  
30 









4 0  
41 24.425 
4 2  25.022 
4 3  25.604 
44 26.189 
45  26.780 
4 6  27.332 
47 27.902 
4 8  28.474 
4 9  29.035 
5 0  
5 1  
52 30.725 
5 3  31.269 
5 4  31.804 







































































M A S S  ( K G M )  
5 * 8 7 2 k + 0 0  
5 8 5 9 t + 0 0  
5*846k+00 































4 * 5 0 3 k + 0 0  
4 43 5t+OO 
4*347E+00 
4*235E+00 

















D ti MAG MASS(KGM)  
64.298 0. 



















6 1  
62 
63  

















8 1  
82  





































Table 4. continued 





































9 878E-0 1 
8 49 1 E-0 1 
7 3 88E-0 1 
6 0469E-0 1 
5 77 2 E-0 1 
5 192E-0 1 
4.568E-0 1 
3 9 57E-0 1 
3 5 1 1E-0 1 
2 935E-0 1 
2.516E-01 
2.157E-01 
1 86 5E-0 1 
1 0603E-01 


























1 3  
1 4  
15 
1 6  
17  
18 
1 9  
2 0  
21  
2 2  
23 
2 4  
2 5  
26 
27 
2 8  
2 9  
3 0  
3 1  
32 
3 3  




3 8  
3 9  
40 
41 
4 2  
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-8 0 6* 
-8.4 
-5.9 
MASS (KGM)  
























































4 4  . 374 
45.680 




















































2 1  
22 
23 
2 4  




2 9  
30 
3 1  
32 
3 3  
34 








4 3  
4 4  




4 9  
L, 
0 .  * 
1 .473+  
2.725 
4 .183  
5.587 
1.012 
8 .483  
9.971 
11.350 
12 .814  
17.147 
18 .507  
22 .836  
24 .276  












48 .203  
49.562 
53.645 
54 .960  
58 .831  
60 .048  
61.297 
62.327 
63 .206  
1 4 C  






















































































Table 4. continued 
39135 
MASS ( K G M )  
6.40 1k-0 1 
6 39 3L-0 1 
6 382  E-0 1 
6.370E-01 
6m358E-01 
6 .  346E-01 
6 3 34E-0 1 
6 .  320E-01 
6.304E-01 
6 .  287E-0 1 
6 2 6 7 t - 0  1 
60244E-01  
6.2 19E-01 
60 190E-0 1 
6.159E-01 
6 .  125E-0 1 
6 088E-0 1 
6 0 0 4 9 6 - 0 1  
6m006E-0 1 
50954E-01  
5 825E-0 1 
5 688E-0 1 
50545E-01  
5 0401E-0 1 
5 17 3E-0 1 
50009E-01  
40844E-01  
4 649E-0 1 
4 .  0 15E-01 
3 7 0  5E-0 1 
3.147E-01 
2 0 6 5 6 6 - 0  1 
2 2 35E-0 1 
1 9 33E-0 1 
1 7 37E-0 1 
1 571E-0 1 
1 419E-0 1 
1 272E-0 1 
1 125E-01 
9 847  E-02 
8 0647E-02 
7.673E-02 
6 8 2 5E-02 
6 08 6E-02 
5m296E-02 
2 6 6  2 E-02 
1.867E-02 
1.235E-02 










19 .984  























60 .156  
61 .454  
65 .432  
1514 
MAG MASS ( K G M )  H 
9 6 . 1 8 8  
92.948 
92.127 
91 .311  
90 .490  
89.637 
87 .971  
87 .184  
86.338 
85.529 
84 .608  
03 .859  
83 .029  
82 .204  
80 .568  
79 .760  
78 .923  
7 8 . 1 2 4  
77 .291  
76 .472  
7 5 . 6 4 0  
74 .829  
71 .610  
70 .817  
7 0 . 0 5 4  ' 
6 9 . 2 8 4  
6 8 . 5 3 3  
6 6 . 9 9 0  
66 .223  
65 .461  
64 .741  
64 .041  
63 .313  


































3 1  
32 
























































l h  







































82 . 348 
82.067 
















































Table 4. continued 
39139 
PIA55 ( h G  4 )  
4 8 9  G t - 0  1 
4.864t-0 1 
4.H40t-01 
4 8 1 Rt-0 1 
4.794t-0 1 
4 77Ok-0 1 
4 0 740k-0 1 
4.704k-01 
4. 662k-0 1 
4. 6 15E-0 1 
4 555t-01 
4 484E-0 1 
4.429E-01 
4.349E-01 




3 9 38E-0 1 
3.866E-01 
3 0765E-01 
3 691t-0 1 
3 602E-0 1 
3 5 11E-0 1 
3.422E-01 
3 334E-0 1 






2 062 1E-0 1 
2 5 38t-0 1 
2 433 E-0 1 
2 3 17E-0 1 
2.070€-01 
1 713E-0 1 










D H MAG M A 5 S ( l t G V t )  
5.987 
6.965 
























































































































9 8 2 5 E-0 1 






















2 1  
22 










































































































3 1  0591 
3 1  .OLb 
30.456 
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-9 . 3+ 
-9.2+ 
-8.9+ 






















































































15 E  





























































































































































































Table 4. continued 
11E 391 79 
mnCi 
-3.7 
-3 .8  
-4.1 
-4.2 


















































-4.1 - 3 a::: 
-3 .4  
H A S S ( K G M )  
1.852€*00 
1 8 5 0 E * O O  
1 H47E* 0 0  
1*844E*OO 
1.840€*00 
1 836E* 0 0 
1 e 8 3 0 E * O O  
1.824€*00 
1*817F*00 
1 808E* 0 0 
1.801E*00 
1*794E*00 
1 . 787E+ 0 0 
1 .780€*00  
1.772E*00 






1 e 649E* 0 0  
1.636€*00 
















8 S94E-0 1 
7 96SE-0 1 
f 253E-0 1 
5e990E-01 
5.163E-01 
4 449E-0 1 
2 943E-0 1 




1 e591E-0 1 
1 e t76E-0 1 








(Shut ter  w a s  not opera t ing  
on 9 N  c a m e r a )  
65  

























2 4  
25 
2 6  
27 
28 
2 9  
30 









4 0  
4 1  
4 2  





0.  it 





























2 5 0 5 6 2  
26.107 
26.610 


































































































9 0483E-0 1 
8 6 2  3E-0 1 
7 7 2  1E-0 1 
6 652E-0 1 
5 573E-0 1 
5.169E-01 
4 0429E-0 1 
3 6 17E-0 1 
2 8 7 7 E-0 1 
2 38 1E-0 1 
1 987E-0 1 
1 727E-0 1 
10472E-01 
1.239E-01 
8 07  5 Em02 













8 S  































2 0  




















4 1  
4 2  
4 3  
44  
45  






5 2  

















































r6 .680  
46.122 







k 1  e488 
61  e 0 3 6  



















- 3 . 0  - 3 . 0 ::: 
- 3 . 0  






- 0 .  9::: 
-4. 9::: 






























M A S S I K G M )  
7 . 0 3 4 € * 0 0  
7.033E* 0 0  
7 e 03 1 E 0 0 
7m029E*00 
7.027€*00 




7 0 15E* 0 0  
7 005E*  0 0  
6 .996E* 0 0  
6 987E*00 
6e98OE*OO 
6 974E* 0 0  
6 967E* 0 0  
6 e 965Ee00 
6.962€*00 
6.960E* 0 0  
6 949E* 0 0  
6 930E*  0 0  
6 914E* 0 0  















6 e 0 13E*00 
5 e91 3E*00  
5e774E+ 0 0  
5 e 622E+00 
5e470€*00 
5 .  288E* 0 0  
5 e 1 Ob€* 0 0  
4 e885E* 0 0  
4.674E* 0 0  
7.03OEtOO 
~ . ~ ~ O E * O O  
4 e 285E*00 
4 . 0 8 0 € * 0 0  
3 861 E* 0 0 
3 e 614E* 0 0  
3.366€*00 
3.137E* 0 0 
2 941E* 0 0  
2.762€*00 
2 e563E*00 
2 e 358E* 0 0  
67  
9N 
(Shut ter  w a s  not operat ing 
on 9N c a m e r a )  
Table 4. continued 
11E 391 80B(cont inued)  
N D H MAG MASS(KGM) 
59 270722  
60 28.399 










70  33.901 
1 2  34.744 



























1 1  
1 2  
13 
14  






2 1  
22 
23 
2 4  
25 
2 6  
27 
2 8  
2 9  
30 
3 1  
32 









4 3  

















2 .680  
3 .534  
4 .364  
I .844+ 
10.506 

























4 i . 6 9 8  












7 4 . 6 0 1  
71.611 




63 .454  
62.728 
61 - 9 8 4  
























3 9 6 37 







































-8 . 5. 
-8.4 
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39182 
20492k+01  




2 ~ 4 % 8 E + 0 1  
2 ~ 4 8 7 E + 0 1  
2 .486E+O 1 
20485E+01 
2 .484 t+01  
2*482E+01 
2 ~ 4 8 O E + O l  
2 0478E+0 1 













2 0 3 3 ~ 0 1  
2 3 12E+01 
2 ~ 2 9 1 E + 0 1  
2 .262E+01 
2 .234E+Ol 
2 0 2 0 6 t + O l  
2.176E+O 1 
2 1 4 4 t + 0  1 
2.109E+Ol 
2 .074E+0 1 
2 O47E+O 1 
2 .007E+O 1 
1 ~ 9 5 2 E + 0 1  
1 ~ 9 0 4 E + 0 1  
1 ~ 8 5 9 € + 0 1  





1 ~ 5 5 5 E + 0 1  
1.5U7€+01 
1.445€+01 
1 0 3 2 5 t + 0 1  
1 .248t+01  
i m 3 7 e ~ + o i  
D 
20.296 
























MAG MASS(KGM)  
61 .166  










53 .  1 4 0  
52.404 
50 .944  
49.505 




6 9  
I4 
5 6  
57 
5 8  
59 
60 
6 1  
62 
6 3  
6 4  
6 5  
66 
67 
6 8  
6 9  
7 0  
7 1  
72  
7 4  
75 
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- t ) . B +  
















8 6 0 4 t + 0 0  
7 ~ 5 5 4 E + 0 0  
6 0 9 7 6 t  +00 
4.370L+00 
3 5 0 7 t + 0 0  





7 0 4 5 9 t - 0  1 
2 0 4  18t-0 1 
4. ea ik-o  1 
l h  































































































































 MAS^ ( K G C )  
2 6 7  1E-0 1 
2 e660E-01 
2 640E-0 1 
2 06 15E-0 1 
2. 583E-01 
2 542E-0 1 
2 487E-0 1 
2 e425E-01 
2 3 5 7E-0 1 
2 290E-0 1 
2 223E-0 1 
20146E-01 
2 075E-0 1 
10977E-01 
1.898E-01 
1 8 05E-0 1 
10703k-01 






9.7 l lE -02  
8 39  1 E-02 
6 846E-02 
50453E-02 






























































1 1  
1 2  
1 3  









2 3  
2 4  
25  
2 6  
27 
2 8  
2 9  
30 
3 1  
32  
3 3  
34 
3 5  
3 6  
37 
38 
3 9  
4 0  
41  
4 2  




1 .079  




8 . 9 5 4  
9 .818  
10 .656  
1 1  e494 
13.188 























































Table 4. continued 
4 1  39229  
MAG 
- 4  . 5+ 
-4.6* 
-4.8+ 




















- 6 . 4  





















3 0 0 2 5 t + 0 0  
3eO13t+00 
2e9Y8E+00 
2 * 9 7 8 E + 0 0  
2 - 9 5  1E+00 
2.92 l E + 0 0  
2e886E+00  
2 0 8 4 3 E + 0 0  
2.794E+00 
2 .733€+00  
2 e66 l E + 0 0  
2 57 1E+00 


















7 225E-0 1 
6 426E-0 1 
5 6 4 8  E-0 1 
4 9 0 4 € - 0  1 
4e194E-01 
3.5 16E-01 
2 e 7 4  1E-0 1 
2 -0 13E-0 1 
1e408E-01 












10 .693  










20 .817  
21.609 
22.376 
23 .153  
23.900 
26.017 
26 .694  
27.388 
28.026 





62 .751  
62.082 
61 .416  
60.748 
60.096 






55 .485  











46 .691  
4 6 .  167 
45.687 
45.225 
44 .780  
MAG 
-5.7 



































4 * 6 3 6 E + 0 0  
4.600E+00 
4 0 5 5 3 E + 0 0  
4 . 4 5 7 € + 0 0  
4 .  360E+00 
4 . 3 2 0 € + 0 0  
4e232E+00  
4.  122E+00 
4 0 0 0 5 E + 0 0  
3.884€+00 




3 * 1 4 8 E + 0 0  
3.0 14E+00 
2 0 8 8 7 E + 0 0  
2e752E+00  











-5.2 50909E-02  
72 
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1 I  
18 
19 
2 0  
2 1  
L L  








3 1  
3 2  
3 3  
3 4  
3 5  
36 
37 













5 1  



















































7 1  . O ( ,  3 







h t  . Y t ?  
hk.24I 
67.443 
7 1 . 9 4  I 





t,3 . ot. h 
G Z  , 3 3 6  
61.573 
hG.077 






5 1 . 8 7  9 
51.133 
50.3aZ 





































































- l O . t  
1~1Abb ( 1  ~ ~ 3 '  1 






1.9 m + O 2  



























































































































































































F ~ A S S ( K G M )  
1 * 4 3 3 t + 0 2  
1 .433E+02 













































9 0 6 8  1E+O 1 
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39240 (continued) 























































I 1  
35  04.5 H 
3 4 . k U 5  



















































- b e l +  
1 150E+02 
1 1 0 3 t + 0 2  
1 * 0 5 3 t + 0 2  
1.0c)3t+02 























2 .  114E+00 
1.5 13E+00 
9 645 E-0 1 
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2 1  
22 
23 

















4 1  
42 
43  





















































75 . 3 4 3  
74.526 
73.718 















































































































3 329E+0 1 
3.196E+01 























5 275E-0 1 
3. 3ME-01 























































































































































































7 897E-0 1 
5 0 8  1 BE-0 1 
4 09  5E-0 1 
2m903E-01 
1 994E-0 1 
9 968E-02 
75 
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2 1  
22 
23 
2 4  
25 
26 
2 7  
28 






























































































































9 986E-0 1 
9 529E-0 1 
9 0 5 OE-0 1 
8 42 6E-0 1 
7.640E-01 
6 9 12E-0 1 
6 mO 16E-01 
4 87 3E-0 1 
4 542 E-0 1 
4.174E-01 
3.895E-0 1 
3 369E-0 1 




1 846E-0 1 
1 60 5E-0 1 
1 332E-0 1 
1 1 1 5E-0 1 
1 .O 11E-0 1 
9.154E-02 
8 4 30E-0 2 
b.983E-02 
5.492E-02 
3 62 BE-02 
1 179E-02 
























































































































































1 0  
1 1  
12 
1 3  
1 4  
15 
1 6  
17 
18  
1 9  
2 0  
2 1  
22 
23  
2 4  
2 5  
2 6  
27  
2 8  
2 9  
30 
3 1  
32 
33 





3 9  
40 
41 
































1 3 t  39304 









6 2  -475 













































































































































































































R A 55 ( K GM 1 

























2 8 4  1E+00 




































2 0  















































































8 2 . 6 5 7  
H2.4LJ 








































12  ', 
-3.8 
-3.9 
- 3 . 9  
- 3 . 6  
-3.5 






























































1 7 13E+OO 













































1e278E+00 66.793 76.759 
7 9  
N 
56 












































1 0 1  
102 























































76.7 I 5  
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1.01 l E * O O  
90796E-01 
9. 534E-0 1 
9 288E-0 1 
9 05 3E-0 1 
8 82 8E-0 1 
8 .  666E-01 
8 46 1 E-0 1 
8 24 3 E-0 1 
8 005E-0 1 
7 720E-0 1 
7 0442E-01 
7 2 66E-0 1 
701396-01 
7 00 14E-0 1 
6 796E-0 1 
6. 564E-01 
6 37 5E-0 1 
6. 174E-01 
6 022 E-0 1 
5 0878E-01 
5 772E-0 1 
5 685E-0 1 
5 5 89E-0 1 
5.426E-01 
5 0246E-01 
5 059E-0 1 
4 90 1E-0 1 
4 68 5E-0 1 
4 506E-0 1 
4 343E-0 1 
4 2 30E-0 1 
4. 112E-01 
3 9 82E-0 1 
3 0839E-01 
3 693E-0 1 




2 8 79E-0 1 
2 757E-0 1 
2 -60 1E-0 1 
2 5OOE-0 1 






































































131  150.996 
132  152.077 
133 153.187 
134 154.330 
1 2 .% 












































14A 55 ( k G?? 1 
2 . l&lOL-Ol 



































































4 1  
4 2  
4 3  
4 4  
45  
46 
4 7  
48  
4 9  
50 
5 1  
52  
5 3  
5 4  
55  38.156 70.704 




2 .  169 
30657  

















































































i . t m ~ + o o  
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. 
: Y  
5 6  
27  
3 8  













7 2  




















9 3  


















3 4 . U 4 U  
41 .  I41 















62 .045  
64.766+ 
65.487 
6 6 0 4 6 6 *  
69.053 
6 9 0 5 1 4  
7 0 0 7 7 5  
7 1 0 6 8 b  
72 0 505 
73.334 
7 4 0  1 5 4  
76.775 
77.585 
7 8 0 4 4 6  
79.306 
80.201 






































6 9 0 2 4 2  
69.009 
6 8 0 7 0 9  
60.599 
6 8 0 4 9 3  
6 8 0 2 8 1  
68.176 
6 8 0 0 7 4  
6 7 0 9 6 6  
6 7 0 8 6 3  
6 7 0 7 5 8  
67.655 
6 7 0 5 4 9  
6 7 0 4 4 5  
6 7 0 3 4 3  
67.237 






H A S ( K G M )  

















1 361€+00  
10353E+00  
1.3456+00 
1. 337€+00  














1 22 l E + 0 0  
1 0 2  14E+00 
1*205E+00  
1 0  197E+00 
10 188E+00 
10 180E+00 




1 0 1 4 4 € + 0 0  








1 *073E+00  
83 


















































1 5 9  
1 60 





f, ( - 0 3 5  
t! r.ci4 r 
8U. I l t 
91eC34 
Y L . ( l 3 b  




9 3 . 1 3 ~  
9 b .  I O 4  
9 Y .  504 
100.340 












l l b e 4 9 M  
l l b . 2 4 4  
1 1  7.044 
l lY .340 
120.083 
120.M53 
12 1 6 2  b 
12 2 3 4 7  
123.109 
123.852 
1 2 6  U h L  
12b.241 



















































































































































1.02 l E * 0 0  
1.009E+00 
9 09 58E-0 1 
9. 8 10E-01 
9.64OE-01 
9 4 2 5 t - 0  1 
9. 16 1E-0 1 
8.856E-01 
8 54 1 E-0 1 
8 26 5 E-0 1 
7 0997E-0 1 
7.748E-01 
70545E-01 
7 3 35E-0 1 
7-138E-01 
6 957k-0 1 
6 798 E-01 
6.546E-01 
6 26 1 E-0 1 
6 03 1 E-0 1 
5 8 27E-0 1 
5 573E-0 1 
5 335E-0 1 
5.117E-01 
4. 879€-0 1 
4. 629E-0 1 
4 402E-0 1 
4.159E-01 
3 oY98k-01 
3 8 3 8 t - 0  1 
3.679E-01 
3 424E-0 1 
3.269E-0 1 
3. 083E-01 
2 8 9 2 t - 0 1  
2 77 1E-01 
2 6 33E-0 1 
2 497E-0 1 
2e366E-01 




1 776E-0 1 
1.649E-01 
1.542E-01 
1 0 4 3 5 t - 0 1  
1 3 3  1E-0 1 
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1 tlt, 
1 6  f 
1 hh  
1 (>c)  
1 I d  




1 f 5  

















138.441, 5 9 . U I  L 
139oU74 5kmY33 
13Y.739 5 t . V t l  
14O. 3 13 51  . h l Y  
1413.479 5 L . 7 S f  
141.5/6 4 t . h t . 2  
137.579 








-3 .0*  
58.849 -3.0 
58.783 -3.1 
58.7L 1 -3.2 
5M 653 -2  09 
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6 W  39406A 











































































4 1  e983 
43.433 
44.197 









































































































M A S S ( K 6 M )  
10810E+03 
1 8 10E+03 



























































6 0  
6 1  
62  
6 3  
6 4  
6 5  
6 6  
67 
68 




























3 1  -833  
3 1 . 3 0 0  
3G.811 
Table 4. continued 
3 9 4 0 6 A  (continued) 8W 
M A S S ( K G Y 1  D H 
45.634 33.028 






















7 095E-0 1 
87 












1 1  
12 
13  
1 4  
1 5  
16 
17 
1 8  
1 9  
20  
2 1  
22 
23 
2 4  
25 
2 6  
27 
28 
2 9  
30 
3 1  
32 







4 0  
4 1  
42 
4 3  
44 
45 
4 6  
47 
4 8  
4 9  











































55.  128 
57.246 
5 1 .863  















































































































































































9 095E-0 1 
9 0077E-01 
9 057E-0 1 
9 0 19E-0 1 
8 960E-0 1 
8.886E-01 
8.780E-01 
8 6 8  7E-0 1 
8 599E-0 1 
8 509E-0 1 
8 4 17E-0 1 
8.333E-01 
8 248 E-01 
8 1 59E-0 1 
8.070E-01 
7 945 E-01 
7 87 5E-0 1 





60928E-0  1 
6 848E-0 1 
6 674E-0 1 
6 408E-0 1 
6 056E-0 1 
5 706E-0 1 
5 364E-0 1 
4.873E-01 
4.446E-01 
4 057 E-0 1 
3 685E-0 1 
3 361E-01 
3.152E-01 
2 8 89E-0 1 
2.576E-01 




9 0 38 E-02 
5 782E-02 
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